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FORTIFICATION 
IN T U UM 8. 


CONTAINING THE 


CoNSTRUCTION, ATTACK, and DEFENCE 


O F 


Fortified PLACES, Regular and Irregular. 


Tranſlated and Collected from the Worxs of the moſt 


CELEBRATED AUTHORS. 


Together with 


An Account of Mints, CounNTERMINES, and of the 
ENGINES and ARMs now wed in WAR. 


To which is prefixed 
A Compendious Introductory Treatiſe of GEOMETR y, 
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To His Royar HIGEHNESS 


WILLIAM AUGUSTUS 
DUKE of CUMBERLAND., 


And Dvxs of Bxunswic-Lunsnzuzc, &c.&c.&c.&c. 
Captain-General of all His MajzsTy's Forces, &c. 


% 


May it pleaſe Your Ro val Hicunsss, 


jHuMBLyY hope that an 
Attempt towards ſpreading 
abroad the Knowledge of the 
ELEMENTS oF FORTIFI- 
CATION among the Hritiſb Soldiery, wil 


IN 


 — DEDICATION. 
in ſome meaſure excuſe my Preſumption 
in laying this Work at Your ROA 
Hicounsss's Feet. * 
It is through a ſincere Deſire for the 
| Advancement of this fundamental Branch 
of Military Science, that I have dared to 
prefix to theſe Sheets ſo IIluſtrious a 
Name, which on all occaſions cannot fail 
to-draw the Attention of the Indolent and 
the Prejudiced, and to render them every 
way careful in their Endeavours to approve 
themſelves worthy of fighting under the 
Banner raiſed for the. Support of the Laws 
and Privileges of the preſent happy Govern- 
ment. 

To do Juſtice to the exalted Character of 
a PRINCE, whoſe heroic Actions, even 
long before the Noon of Life, ſhine 
with ſuch Splendor and Glory, muſt only 
be the Task of a Pen equal thereto; that 

when 


DEDICATIO3 


when the multitudes of Living Teltimonies, 
who owe the Continuance of the greateſt 
Bleſſings to Your Royar HiGnness's 
brave and prudent Conduct of His M a- 
JESTY's Forces againſt the wicked Sons of 
Tyranny and Rebellion, ſhall no longer exiſt, 
Poſterity may ever gratefully extol thoſe 
rare Virtues whoſe kind Influences will be 
felt until the End of Ages. But it becomes 
ſuch as I am to admire in Silence, being in- 
capable to expreſs the lively Sentiments of 


a Heart overflowing with the moſt pro- 
found Duty and Reſpect; with which I 
beg leave to profeſs myſelf, 


May it pleaſe Your RO VAL HiekHNES8, 


Wi: Your ROYAL Hicunetss's 

I L moſt devoted, 

np and moſt obedient 
i" | humble Servant, 


4 \ 
5 \ | 
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HE contents of the following ſheets are collected 
| and tranſlated from the lateſt works of the moſt 
celebrated authors in EUROPE, many of whom 
are at this preſent time employed in the ſeveral 
= ſchools of artillery abroad, for the inſlruftion of 
the young gentlemen who are called to the profeſſion of arms. 
The Editor had an opportunity for a long while to receive this 
part of his education among them, before the wars broke out; ſo 
that he was not in the leaſt expoſed to take up with any diſſatis- 
Factory anſwers to ſuch enquiries that he made concerning mili- 
tary aff airs. | «Frag | | 
The mere intention in the publication of this treatiſe, is for the 
uſe of the young officers of the army and navy, who from the 
2 paragraph of the ſe prefatory lines ought to be convinced, how 
greatly their employments oblige them to the 100 of the Elements 
of Fortification. The ſcarcity of books in the engliſh language 
which treat NY of this art, may be the cauſe that ſeve- 
ral young ſoldiers and ſailors, with proper endowments, cannot 
become acquainted with the true principles of it : Indeed thoſe who 
have an opportunity of. being placed at an academy to receive the 
inſtruftions of able teachers, maſt attribute their future ig orance 
only to their own incapacities ; but how few have ſuch advan- 
rageous offers of the great numbers which are in the ſervice! 


a It 


ties of 


3 


It is generally thought, 10 the great detriment of the 


forvice, 


that none but fuch perſons who ave de ge for engineers ought 


to endeavour to acquire the knowledge of fortifications. The real 
miſtake is, that a true diſtinction is not made betwixt the know- 
ledge of an officer and that of an engineer, and that perſons 
ſearcely qualified are employed in the latter capacity, 

The knowledge of the mathematics to @ certain degree, without 
which no true idea can be conceived of of the liberal arts, is 
uſeful to the Stateſman, the Divine, to thoſe of the Law, &c. 


not to mention other profeſſions unto which they are abſolutely ne- 


ceſſary; in ſhort, every man whoſe vacation requires the leaft 
ſpeculation ſhould be careful to obtain, at any rate, ſuch infallible 
aids. 

The EN GIISH NATION ig, with juſtice, reputed to have 
produced mathematicians of the firſt rant; their works, both in the 
latin and their native language, are perpetual inſtances of their 
fame; men of all degrees in theſe Hayey ISLANDS of LI 
BERTY have given ſufficient proofs of the truth of this aſſer- 
tion; therefore no one can complain that the road to this moſt uſe- 


ful part of fludy has not been | ſufficiently levelled, or that the 


way is intricate for want of guides. . 
Nut to come to the diſtinttion that is proper to he made berauiæt 
the knowledge requiſite to an officer, and that of an engineer; the 
ormer may reſt contented with trea ſuring up in his mind the liberal 
arts, at leaſt thoſe that may prove ſerviceable to him at any oriti- 
cal junfture in the fulfilling of his duty; whereas the engineer muſt 
not by any means be unacquainted with the mechanical arts, wiz. 
maſonry, carpentry, ſmiths-work, &c. We do not mean only s 
mere contemplative knowledge 5 this is included in the former; cue 
muſt ſuppoſe him able truly to underſtand the good and bad quali- 
+; 25 different materials uſed in the ſeveral trades, and to 


be capable to diſcern the leaſt faults of any piece of workmanſvip, 
x | tha t 
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ruin deflruftion of whatever had been undertaken 0 be 


ormed. 

A treatiſe of fortification is by ſome engineers reckoned impev- 
fel}, — — of the mechanical arts, with the qualities 
of the materials, are mentioned in a particular manner therein ; 
ng fo dry a ſubjett: And as for 
thoſe whoſe mtereſt requires that they ſhould apply themſelves, 
ought the mere reading of books to entitle them to the direſtiom of 
any works, if they want at the ſame time conflant opportunities of 
mifiting the maſters and workmen at their daily labour ? 
M. De Vauban was eminent, not only for his theory, 
the experience he had gained by the prattice of the art. The fa- 
mous Cochorn was his contemporary, and has invented three 
ſyftems of fortifications. Theſe tuo great men were jealous' of 
each other's fame ; yet both deſerve the praiſes of poſterity, with- 
out entering into any invidious compariſons. | | 

To give ſome account of the contents of this book, wuhich we 
have divided into twe volumes, in the following manner. 


VOLUME the FIRST. 


To the elements of fortification we have prefixed a compendious 
treatiſe of geometry; it was not to be omitted, as theſe ſheets may 
fall into the hands of numbers who never have had an opportunity 
of learning the principles of that ſcience, which are previouſly and 


 Indiſpenſably aaa the underſtanding of what follows. 


An introduction, concerning the definitions, origin, and progreſs 


of fortifications. 


2 2 Chap. 


PREFACE. 
* 4 1 * 4 .. 


Chap. I. The manner how to fortify the body of the place in a 
regular polygon.” The tracing of the. plans and profils. of the 


' rampart, parapet, foſse, &c. 


II. The tracing of the warious outworks now prattiſed, | omitting 
| thoſe which are aboliſhed. The diviſion of the fireets and places 
of arms of a fortreſs, and the ſituation of the public buildings 


therein; together with a deſcription of the cazerns, powder-maga- 


zines, gates, guerites, bridges and drawbridges, batardeaus, &c. 
all whoſe plans and elevations are laid down with ſuch accuracy 
that the mere inſpettion is ſufficient, without much explanation. 
| This chapter concludes with an account of citadels and of 
ſouterreins. | i: } | «ot i. t 
III. The ſecond and third ſyſlems of M. De Vauban; the ſecond 
commonly called the ſy 


is univerſally known to be that of New-Briſach. 


IV. The ſeveral ſyſtems of fortification of different authors. Thereto 


is annexed what relates to the ſituation of places, and the man- 


ner of tracing a fortreſs upon the ground. 
V. Of irregular fortification. 


Tables are interſperſed thro this work for the ſatisfation of 
thoſe to whom calculations of trigonometry, &c. might prove 
troubleſome ; however it muſt be recommended to them to read ſuch 


treatiſes of the mathematics as can aſſiſt them in their progreſs 
therein. | 


VOLUME 


em of Landaw and Beffort; the third 
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F R E FA C E. 
VOLUME the SECOND. | 


VI. An account of | mines, | countermines, and of the engines and 
arms now uſed in war; together with the attack of places. 


VII. Of the defence of places, with proper tables and remarks. | g 


It will perhaps be of ſome ſignification to give a hint, before 
we cloſe this preface, of the claſſes into which the engineers of a 
certain POWER are judiciouſly divided, for the better ſucceſs of 
the different enterpriſes and undertakings. Their ſtudies at the 
ſchools of artillery: are general in every. ſcience that is neceſſary 
to be under ſtood to make them ſucceed in the practice, not only of 
military, but likewiſe of civil architecture, c. 
Moreover, at moſt of the places where theſe: ſchools are eſta- 
bliſhed, the converſation of the old engineers and officers of artil- 
lery, who have gained experience by their long ſervices, and 5 
the daily opportunities of viſiting the fortifications, military edifices, 
foundery, &c. with them, haſtens greatly the improvements of 
the young gentlemen. It is this condeſcenſion in the old warriors 
that ſtirs up the emulation of the youth; beſides, it is alfo heightened 
by the conſtant encouragement that they receive from the govern- 
ment; at their leaving the ſchools, they are offered employments in 
the claſſes according to their capacities and taſte. The conſtruc- 
tion of the works of fortification is the ſole conſtant buſmeſs of 
ſome , civil architecture, the making of roads, cauſeways, canals, 
ſluices, docks, &c. is the continual prattice of others; whilſt a 
third claſs is only attentive and diligent to gain experience and 
knowledge in whatever relates to the attack of places; thoſe. of 
another, employ all their skill for the defence of a fortreſs. 
Notwithſtanding the uninterrupted application. of each claſs to 
its own branch, there are many of theſe engineers capable to un- 
e dertale 


„ 


Pp R E F A C B. 


dertake ſuch things that can be propoſed to them ef any of the 


claſſes different from their own. 

+. The officers of artillery, via. of the gunners, bombardeers, 
2 pontoon-men, &c. ſbare equal advantages in the ſtudy of 
their art. 

There war a very mgenious propoſal fome time fince of colonel 
Doxat, a German, to raiſe two regiments, or one regiment 
two battalions, whoſe colonel (having the rank of a general officer) 
ſhould all upon ſervice as engineer in chief; the other officers to 
be employed as engineers upon i 


enterprizes of move ov leſs conſe- 
was to be admitted into this regiment without being qualified in 
every reſpeff. All the ſoldiers were to be very able-bodied men, 
bead. to laborious trades, ſuch 7 carpenters, ſmiths, brick- 
s, maſons, wheelwrights;, alſo labourers nſed to hedging and 
2 — of 3 and of each of theſe a due propor- 
tion. In camp and garriſon theſe regiments uere to do duty lite 
others, and the pay was only to become extraordinary to the 
whole, or to any detachments from them, hen they were 
at any works of fortification. | ö 
How uſeful a ſmall number of theſe might be to intermix with 
the peaſants and pioneers to forward the wort of any intrenc h- 
ments, lines of circumwvallation, & c. muſt be left for experienced 
Judges to decide, 
Moreover, let it again be argued, whether the aſſiſtance of men 
brought up in this manner would not be of real ſervice to attend 
a body of troops, great or ſmall, ating either upon the offenſive 
or defenſive, by fea or by land; at home, againſt the invaſions 
of à declared enemy, or the rebellious proceedings of any ſubjefts 
who have taken up arms againſt their lawful ſovereign; and laſtly, 


for ſecuring any important conqueſt abroad. 


We 


PE R E F A E. 
m mow v conclude , by recommending the Pudy of this art to all 
young, officers in general; for ſhoutd not every one entertain the 
moſt ambitious thoughts, an aſpire to riſe to the higheſt military 
. ? E certainly they would be found more worthy of 
high commands, if they 2 added ro their ot her ſoldier- lite Vir- 
tues the art of attacking and defending of places. 


cc Are there not innumerable tunities in war, where 


« officer is obliged to attack or « poſi? Tr it to be doubted 


cc but that one who is acquamted with the elementary part ar- 
ce tack and defence, will ſucceed betrer, and come of _— 


ce honour, than another whoſe ignorance may be attributed to his 

&« gan neglett, thinking that mere courage is able to ſerve his 

ec „ purpoſes in any funtt ure what ſoever ? Will not the former find 

ſuch expedients and 4 of ſtance that a long experience often miſſes ? 

s an 4+ . i. EI l, 3 he will 
SRitE Than 


ec acquire more he had ar ſeveral, without 


ce bethg, in a capacity to give an intelligent account of 4 many 
a circumſtances that had happened. 

« Tt is in the art of war as in others, wherein theory Raids 
&« a m in a very ſhort time fit for praflice, in compariſon to 
ce rhe tedious and yg carne uncertain knowledge me by 100 
& yience alone. 
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A Compendious introduftory Treatiſe of GzoOMETRY. 
A INTRODUCTION, 


Concerning the defmitions, origin, 

and progreſs of fortification. | / 
t. 

Of Regular Fortification for the body of the place. ; 


How to trace the magiſtral line to fortify a ſquare, pentagon and 
hexagon, with an explanation of ſome of the principal lines 
and angles of a fortreſs. | r 

Of the maxims of fortification. p. 14 


. Of the advantages of the flanked angles of baſtions which are 


right angles, or thereabouts, and the diſadvantages of thoſe 


flanked angles which are too acute. | p. 20 
Of the advantages and diſadvantages of different inclinations 
of the flancs. P. 41 
How to trace the rampart and parapet. P. 22 
How to deſcribe in a plan the embraſures and barbet batteries. 
26 
To deſcribe the concave flanc with its orillon. 4 28 
To deſcribe the foſs? and covert way with the glacis. p. 30 
To deſeribe the tenail and caponiere. p 32 
To deſcribe a ſimple or ſingle tenall. p. 35 
The ftrufture of the caponiere. ibid. 
To deſcribe the profil of a ſettion of the rampart, foſse, covert 
. way, and glacis of a fortification. ES 


CHAP, 


The G O N T E N —— 
d H 4 f. I 


454 Of che Outworks. 
- deſcribe a half-moon. . p. 46 
To deſcribe a half-moon with lunetts. {#5512008 49 
To deſcribe a counter-guard. . 


To deſcribe a horn-work. | ibid. 
To deſcribe a horn-work be fore the flanked angle of a baſtion. 


1 ; 8 
To deſcribe a crown-work. 


of 1 redoubts, and n and of the e fo ft 


EN 
arms, and of the tracing of the Preets, and 8 


of the place o 
the public buildings in a Tem place. p. 63 
Of Batardeaus. 2 
Of Citadels. p- 76 
Of Souterrains. p-. 80 
vo CHAP. III. 
The ſecond and third ſyſtems of M. de Vauban. 

The ftrufture of the ſecond ſyſtem. p. 82 
The conſtruttion of the third ſyſtem of M. * Vauban. p. 85 
C H . N. 

The ſyſtems of different Authors 4 

Erhard's ſyſtem. P 89 
Remarks on Exhard's ſyſtem. _ — 
The Italian ſyſtem, according to Pietro * 4 Roman price, 

P. 97 
Remarks on the Italian ſyſtem. | le - 
The Spaniſh method of fortification. . _ tbid, 
Remarks on the Spaniſh ſyſtem. __ tbid. 


b of 


The C 0 N . * Aras 

F 'the' reinforced order. | 0 p-. 94 
Remarks on the reinforced order. 3 ibid. 
The Dutch method of ation according to Marolois. p. 9 5 
Remarks on the ſyſtem of Marolois. p. 36 
The chewalier De Ville's ſyſtem. p- 97 
The Count of Pagan's ſyſtem. p. 99 
Remiarks on the Count of Pagan's lem. p. 101 
The ſyſtem of Monfieur de Bombelle. p. 103 
Remarks on the ſyſlem of Monſieur de Bombelle. p. 105 
The ſyſtem of Monfiew Blondel. p. 106 
Remarks on the ſyſtem of Monſieur Blondel. p. 108 
The three ſyſtems of an anonymous author. p. 110 
Firft ſyſtem. ibid. 
r p. 117 
The ſecond ſyſtem of an anonymous author. p. 119 
Remarks on the ſecond ſyſtem of an anomymous author. p. 121 
The third ſyſtem of an s author. p. 122 
Remarks on the third ſyſtem of an anonymous author. p. 1 23 
The two ſyſtems of & Chevalier St. Julien. p. 125 
The 6 of the Chevalier St. Julien for great places. ibid. 


Remarks on the Chevalier St. Julien s e for great places. 


p. 127 
ibid, 


The ſyſtem of the Chevalier St. Julien for ſmall places. 
Remarks on the Chevalier St. Julien's ſyſtem for ſmall places. 

P- 129 

The ſyſtem of Donato Roſſetti, commonly intitled Fortificazione 

a roveſcio. ibid. 


Remark; on the ſyſtem of Donato Roſſer , commonly called 


Fortificazione a roveſcio. p. 135 
ne ſyſtem of Scheiteer the German P. 138 
Remarks upon the ſyſtem of Scheiteer the German. p. 141 
The three ſyſtems of M. Cochorn. p. 14 


oy * ſtem. i ibi 
Remarks 


The CONTEMN T8. 
Remarks upon the firſt ſyſtem of M. de Cochorn. p- 153 
rhe ſecond ſyſtem of 7 I. de Cochorn. p. 155 


Remarks upon the ſecon 4 fem of M. de Cochorn. p. 160 
The third | ſyſtem 21 M. de Cochorn. 


P- 162 
A cloſing net] p. 166 
Of the ſituation of places. p- 168 
To trace a plan upon the ground. p- 173 


CHAP. V. 
Of Irregular Fortification. 


To make an irregular place regular, when it may be done, p. 176. 
To find the exterior fades FANG, the interior only being given, 

BL Es 
To 1 an irregular place, whoſe ſides ans angles are FF: 


To fortify an oval.. 


To fortify a long fide. 1 200 
A way how to ſerie  reglr ple tha mg ie. p. 204 
To fortify a fide that is too ſhort. Mang 


To fortify places ſituated upon 4 river, on the . upon an” 
eminence, &c. and thoſe whoſe ancient boundaries are to le 
preſerved. p. 221 
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In the Treatiſe of Geometry. 


Page 6. line 7 for the c 1 mall number, a mall, te 
Page $:\threeilines below Fig. 16. in re, r We 
Page 32. dele Fig. 70. three lines below Fig. 69. in the margin. 


8 In the Geometry Plates. un 
Plate 4. write Fig. 64. inſtead of 60. to the parallelogram with the diagonal BC. 


We” 90. write C at the top of the right angle ſubtended the h henuſe A 
" Big foo. write Q_ betwixt D, C, the rruncatils hone. * N * 


6 In the Elements of Fertification.-* 
Page 11. line 19. for BIK, read HI the angle of the | *. 
Page 96. line 1 1 but only added to half = angle e of "I read, but + nb added: te 
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157. li 6. after nd feet 2 
re 157 — — 5 N. 


page 5 * 5. 7 forti lh, 10 fortify without. 
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1 A Courzupious InTzopucToRyY 
1 oy 
3 Korn rt is a ence that conſiders the properties 
1 of extenſion. 
1 That which has lengrö, breadth, and depth, 1 called 
2 extenſion. 
3 Extenſion may be lire either with theſe three di- 
1 menſions, or with two, or with one only. 
* Extenſion, conſidered as length, without any breadth or 
'% depth, is called a 7:72. Fig. 1. 
1 Extenſion, conſidered with breadth and length, f is called 
ſurface, or ſuperficies, as AB CD. Fig. 3. 


Extenſion, conſidered with the three dimenſions, viz. 
with leng th, breadth, and depth, is called a body, or a 
yon 1 0 Fig. 5. 
Although there is neither extenſion nor body without 
the three dimenſions, we may neyertheleſs conſider each 
dimenſion by itfelf. For inſtance, when we ſpeak of the 
diſtance of one e place from another, as from London to 


c 2 | York, 
x This treatiſe is — for the uſe of beginners ; it contains merely ſuch 
1 principles as are previouſly neceſſary to the ſtudy of fortification. 
: \ 


* 
TO 


Fig. 1. 


Fig. 2. 


* , 
1 49 


TIN 


York, we do not conſider breadth in this diſtance, but only 


the length which is between theſe two towns. So in ſpeak- 
ing of a looking-glaſs, which is ſaid to be four or five feet 
high, and three broad, no notice is taken of its thickneſs, 
but only of its ſuperficies, and in the ſame manner when 
we ſpeak of the extent of a field or a garden, &c. Laſtly, 
if we conſider the maſs of any thing, as of lead or marble, 
Ec. we then take notice of its length, breadth, and depth, 


that is, we conſider it with the three dimenſions. 


A mathematical point is i ined without any * 
it only marks a place in — 

In order to have a right notion of a . point, 
we muſt imagine two lines mutually interſecting one ano- 
ther; the place of their interſection can have neither 
breadth nor depth, ſince the lines themſelves have none; 
neither can it have any length, unleſs it be in the direction 
of both lines, which is impoſſible, for then it would have 
breadth. Therefore the Place where theſe two lines inter- 
ſe& one another is a point or place which has neither 
length, breadth, nor thickneſs. The extremities of lines 
are alſo mathematical points, for the extremity of a line 
cannot be ſaid to have breadth, becauſe the line has none; 
nor can it have: any length, becauſe it would then be a 


ne itfelf, and not the extremity of a line. Therefore, Sc. 


Lines are either right, or curve. 

A right line is the ſhorteſt that can be drawn from one 
point to another, as the line A B. Its ſituation depends 
on the two points A and B, which being given determine 
the right line. 

A curve line is not the ſhorteſt that can be drawn from 
one point to another; and therefore the two points C and 
D' being given, do not determine the curve. 


Two 


* 


4% 
[9] 
Two. right ane interſect one another only © in ane 
int. } | 
A ſuperficies is either flat, or curve. Nb A es 
A flat ſuperficies/is called a plane. Fig. 3. 
- curve ſuperficies is convex. on one ſide, and concave on Fig. 4. 


the other, 
Frcs conan terminated on all ſides by Ari called 3 


Plans figure. | Fig. 3. 
A body terminated on all Gides with ſurfaces is called a 
lid 3 dd $62 Fig. 5. 


Tn / the circle. 


A N is a plane Gove terminated by a a curve + bus Fig. 6: 
whoſe points are — diſtant from a point in the figure, 
called the center. Such is the figure terminated by the 
curve line AEB DA, whoſe center is C. 
The curve line — — terminates the circle is called the 
circumference ; ſo the curve line AE DA is the cireumfe- 
rence of the circle, whoſe center is C. 
A part of the circumference is called an arch, and the 
right line drawn from the extremities of the arch is called 
its chord. 1 
1 ABD being an arch, the right line AD — be its. Fig, 5. 
chord. 
A right line, as the line A B, which is drawn through Fig. 8. 
the center C of a circle, and terminated on both hides by 
the circumference, is called a diameter. 
And a right line, as C PD, drawn from the center C of a 
circle to its circumference, is called /emidiameter or radius. 
It follows from the definition of a circle, that in a circle 
er in equal e FR radius's are equal as well as the 


diameters. 


Es 3 . SM > 
* ” 


10 
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| The diameter cuts the circk and its circumference into 
ewo equal parts. | 


Geometricians divide-the circumference of the circle + 


360 equal parts, which are called degrees, and each degree 


into 60 i: minutes, and each minute into 
60 ſeconds, &c. 


The circumference of a {mall number being divided in- 


to the ſame number of degrees as that of a — 
the 


a degree is but a relative meaſure. 
Fig. 8. The right line EF, which touches the circumference of 
a circle in a point only, and being continued both ways 


arge circle, 


from that point does not 7 is 


called a ee. 


7 R OBLEMS. 
Fig. 9. 1+. To drferibe a circle with 4 given line AB for the 


radius. 


Take a pair 5 for one of its feet on the 


point A of the given on) and open it till the other foot 
falls on the point B, and keeping the firſt foot fixed on the 


point A, ite heir round the point A, and it wml” 


deſcribe the circle required. 
Fig. 10. 2. Two points A and B being given upon a plane, zo find 
a line C D, baving all its parts 2 al Han from rbefe 


ZW0 parts . 


As the fituation of a right line Joes on the poſition 
of two points, it follows, that if you find the two points 
C and D equally diſtant from A and B, the line paſſing 
through theſe two points will be the line required. | 

From the points A and B taken as centers, and with any 
interval, deſcribe above and under the given points two 


arches 


degrees of the latter will be greater, and 2 
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arches cutting one another in C and in D, and draw 
through theſe points the line C D, all its parts will be 
equally diſtant from A and B. For the lines AD, B, 
are equal, and alſo the lines A C, BC, being radius's' of 
equal circles. Therefore, .. PAP - 

3. To divide a line AB into two equal parts. Fig. 11. 
Find a line CD, with all its parts equally diſtant from 
the points A B, the extremities of the line AB, and the 
point M where the line CD cuts the given Line will be 
the middle of it. | 3 

| 44 To divide an arch AB into two equal parts. Fig. 12. 

Draw the line CD, with all its parts equally diſtant | 
from the extremities A and B of the given arch; this line 
will cut it in the point M, which will be the middle 
of it, 

5. To deſcribe the circumference of à circle through three Fig. 13. 
given points, 1, 2, 3, which are not placed in a right line. 

Find the line ED, with all its equally diſtant 
from the points 1 and 2; and then a ſecond line A B, 
having likewiſe all its parts equally diſtant from the points 
2 and 3; the point C, where theſe two lines interſect one 
another, will be the center of the cirele required; ſo that 
taking the points C for a center, and deſcribing a circle 
with the diftance from C to one of the given points, its 
circumference will paſs through the other points. 

For the line A B having all its parts equally diftant 
from the two points 2 and 3, the point C of this line will 
be alſo equally diſtant from them; but the ſame point C 
belongs likewiſe to the line ED, which has all its parts 
equally diſtant from the two points 1 and 2; therefore 
the point C is equally diſtant from the three given points. 
Therefore, Ec. | | | 


The 


The center of a cifole; or of a given arch, may be 
ound alſo after the fame manner, by marking three points 
in the jcircumference; or given arch, and then finding the 
center of the circu inference which paſſes through theſe 
_ pou, "ay; in . foregoing problem. 


n II. "Of a an angle. | 
W 14. 9 * Ae is che opening of _ two lines, as AB, BC, 
_ _ | Meeting in the point B. 
The lines AB, BC, are called the legs. or fides of the 
2% at angles and. the point B, where: they meet, the vertex, or 
roh of the angle 

An angle is commonly denoted by three letters, of which 

the middle one denotes the vertex; thus this angle is called 

ABC, or CBA. 
An angle is greater or leſs in proportion to the opening 

of its legs, but the length of the legs alters: noting as to 
the meafure of an angle. 
The lines which make an angle may be cither right 
or curve. 
The angle A B C, which has two ri n inen 2 called 
Fig. 14. — or right-lined angle; the angle D E F, compre- 
Fig. 15. hended by curve lines, is called curvilinear; and the angle 

GHL, made by one right line and one curved one, is 
Fig. 16. called a * r*. iow angle. 

Me ſhall treat only of the reftilinear angle. 
The angle ABC is meaſured by. the arch AC of a 
cirde, which is intercepted. between the legs of the angle, 
whoſe center is the vertex B of the angle, and which is 
drawn from thence with any given diſtance. 

- Wherefore an angle is meaſured by degrees, and as the 
ms: of a {mall circle has as many degrees as 
* one, the arch by which the angle is to be 


meaſured 


* 
25 
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meaſured may be drawn at any diſtance from the cen- 
ter, ſince all the arches which may be intercepted: be- 
tween the REFEREES have an ___ number of 
An angle js differently named, according to its Wente 
An angle, as ABC, whoſe meafure in a fourth of Fig. 18. 
the circumference, or 90 degrees, is called a right angle. 
An angle whoſe arch contains leſs' than 9o degrees, as 
the angle DEF, is called an acute angle; and an angle Fig. 19. 
whoſe & arch i is greater than the fourth part of the circum- 
ference, as the angle GHL, is called an ob), angle. Fig. 20. 
An obtuſe angle may be increaſed till the ſemi-circum- 
ference, or 180 de is the meaſure of it; but then 
there is no angle, and its two fides make a right line. 
If from — int C in the line AB, ſeveral lines D C, Fig. 21. 
EC, c. are drawn, all the angles which theſe lines will 
make, with the line A B, will be equal to two right ones. 
For if from the point C, taken as a center, and at any 
diſtance, a ſemi- circle is deſcribed upon the line AB, all 
the angles whoſe heads are at the point C will be meaſured 
by that circumference; but the half of that circumference 
is the meaſure of two right angles. Therefore, c. 
Angles thus made on the fame line are called contiguous 
les, and angles oppoſite at their heads by the interſection 
two lines are equal. 
Let there be two lines A B, C D, cutting one another in Fig. 22. 
the point E, the angles CEB, AED, are ſaid to be verti- 
cally oppoſite as well as the angles AEC,DEB, and we are 
to prove that theſe angles are equal. | 
We have juſt ſeen, that the contiguous angles ARC wild 
CEB are _ to two right angles, as well as the two con- 
tiguous angles CEA and AE . 


d | 1 5 
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Therefore, if feen the two 
the angle AE C is taken, off, there will remain the angle 
OEB; and if from the two 
the fame angle AEC is taken en off; there will remain the 
angle AED. to the te angle CEB, ſince in 
adding to each of them the angle AEC, they are equal 

— We may K ane the Gene 
at the two angles NEC, DEB, are equal. 


PROBLEMS. 


Fig. 23. . Upon = given ven line A B t» make an angle * 10 a 
2 L. 


From the vertex E of the given abgle taken as center, 
and with an interval EG taken at pleaſure, deſcribe an 
arch GH between its ſides; and — A taken 
as center, upon 
terval E G, deſcribe an indefinite arch, on which you will 
take the arch CD, equal to the arch GH. Draw then 
the line AD, F the 
angle GEH. 


Fig. 24. 2. To cut an angle ABC into two opual parat. 
| From the vertex B of the given angle, taken as center, 


and with an interval taken at pleafure, deforibe an arch 
E F between its ſides, then divide the chord of this arch 

into two equal parts by the line BD, and the given angle 
ABC will be alſo cut into two e 


parts. 
3: CNS yon he wg of any member of 


degrees whatever, 

To ſolve this X mike uſe of the inſtrament 
called protractor, which is ing elſe but a ſemi- circle 
either of braſs or of horn, divided into degrees and half 


— 


To 


angles made on the line AB | 
angles made upon the line o 


the given line A B, and with the ſame in- 


2”, 


* 


Cr 7 


© To: make an angle of any airenber of degrees what- 

ever with this inſtrument, place its diameter upon the ui 
line in ſuch a manner that its center anſwers to the 
where the vertex of the angle is intended; reckon hh 
upon its circumference the number of degrees required ; 
mark a point upon the paper or plane in the place which 
anſwers to the extremity of thoſe and deſcribing a 
line through this point and that upon Which the diameter 
of che protractor has been placed, you will have the angle 
required. 

One may alſo in the ſame manner, with the Protractor, 
find the number of degrees of a given angle. 


IV. Of w_ cular, oblique, and Parallel a nes. 


A line is icular to another line when it makes, Fig. 2 5. 
with that line, two right angles; or, which is the ſame 
thing, when it does not incline upon that line more to one 
fide than to the other. 
so if the line DC does not incline upon the line A B 
more to the ſide A than to the ſide B, it will be perpen- 
dicular to A B, and this will alſo be perpendicular upon 
CD. 
A line is oblique to ths line: when it makes unequal Fig. 26. 
angles with it; or, which is the ſame thing, when it in- 
clines upon it more to one fide than to the other. Thus the 
line H G inclining more towards B than towards A, 1 
the line AB, is oblique to that line. 
If two points C and D of a rig t line, are e ally diſtant Fig. 2 50 
from two points A and B of another riger line, fay i the 
firſt is perpendicular to the ſecond. 

For the ſituation of a right line depends on two poi nts 
therefore by the ſuppoſition the point C and the point D 
""8 2 are 


Fig. 27. 


are both equ 
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ally diſtant from the two points A and B; 
therefore all the parts of the line CD are 


from the two ſame points; therefore it does not incline more 
on one ſide than e eee per- 
pendicular to this line. I; 

If from a point C, out ofa line AB, a perpendicular 
CD and the oblique lines CE, CF, CG, are drawn upon 
the line A B, the perpendicular CD is the ſhorteſt; the ob- 
lique lines CE, CF, falling upon the line AB in the points 


E and F, equally diſtant from the extremity D of the per- 


dicular, will be equal; and the line CG, meeting the 
ine AB in the point the moſt diſtant from the point D, 
will be the longeſt. 

In order to prove firſt, that the perpendicular line- CD is 
the ſhorteſt, produce that line to H, and make DH equal 
to C D; then draw the lines HE, H F, the lines CE, CF, 
will be each the half of the lines C EH, CF H; for the 
line AB being icular to the line C H, and the 
points C and H being both equally diſtant from the point 
D, by the ſuppoſition it follows that all the points of the 
line A B will be equally diſtant from the two points C and D, 
and conſequently that the lines CE, EH, CF, F H, that 
meaſure equal Ms, will be equal; therefore the lines 
CE, CF, will be each the half o the lines: CEH, CFH; 
but the right line C H is ſhorter than the lines CEH,CFH, 
which are not right lines; therefore the half of it CD will 
be likewiſe 1 than CE, CF, the halves of the lines 


CEH, CFH. Therefore, Ge. 


To prove the ſecond caſe, ve muſt « conlider that the 
points E and F being both 


D and the point C, it * evidently that Ge lines 


To 


equally diſtant 


equally diſtant from the point 


p - 2 
3 | * 
4 - 0 
x : 
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Jo prove the third cafe; namely, that the line G G is 
longer than the line CF: draw the line GH to have the line 

CGH, the half of which will be the line CG; therefore 

the line CG H, which contains the line CFH, will be 

longer than this line; therefore the half of it, CG, will 

be Tikewiſe longer than CF, r is the half of the line 
CFH. Therefore, Ge. 

The inclination of a line CE may be meaſaced either Fig. 27. 
by its diſtance DE from the perpendicular CD, drawn 
from its extremity C upon the line A B, or by the angle 
CEB which that line makes with the line AB. But we 
have juſt ſeen, . that the oblique lines CE, CF, which fall 
upon the line A B in the — E and F, equally diſtant 
from the point D, are equal; therefore when two oblique 
4 lines are equal upon the ſame line, and have a point com- 
.., mon to both, we — conclude- that the other extremity. 

3 of them both will be equally diſtant from the perpendi- 
cular drawn from their common upon the line where 
they are oblique, or that the angles which they make _ 
that line will be equal, and vice versd, when theſe angles 
are equal, and the oblique lines CE, CF, meet in the 
ſame point C, we may conclude that theſe: lines are equal. 

It follows from this propoſition, that the dicular 
line is the ſhorteſt that can be drawn: from a point out of a 
line upon that line; and N that it meaſures the 
diſtance from it. 

A line A B is parallel to — line 0 D, when all its \ Fig. 28. 
parts are equally diſtant from it. 

This diſtance is meaſured by the indi. lines. 

E F, GH, drawn between the parallel lines, and conſe- 
quently all theſe perpendicular — are equal. 
If two parallel lines fall upon a right line, the angles 
which they make on the ſame fide with this line are equal. 
Let 


Fig. 29. 


Fig. 30. 


Fig. 31. 


— 


C; and 7 the points i 15 B, taken for centers, 


[14] 
Let there be two parallel lines CD, EF, falling u 
the line AB, I ſay chat the angles CDA, 9 wth 


equal. 
This will ber clearly by obſerving, that if theſe angles 


were unequal, the lines CD, EF, would come neater at one 


end than at the other, and conſequently would not be pa- 
rallel, which is againſt the ſuppoſition. 

The angle C D A, which is without the Parallel, is called 
external; and the other, E FA, which is equal, is called 
its oppoſite internal, | | 
When a right line, as EF, cuts two parallel lies} it 
makes eight angles; four of which are externals, or with- 
out the parallels; and four internals, or within the paral- 
lels: among the internals, the angles AHF, D G E, are 
called alternates, and thoſe angles are always equal. 

In order to prove this it is to be obſerved, that we have 
juſt now demonſtrated that the external angle EHB is 
to its © internal one EG D; but the external 
angle E HB is equal alſo to the angle AH F, becauſe it is 
vertically oppoſite to it; therefore the alternate angles AH F, 
BG, are equal, — are each of thenr equal the 
ſame angle EHB. 


PR OB L E M F. 
1. From a given point C, to raiſe a perpendicular por 


a line. 
Mark two points A and B, equidiſtant from the point 


and with an ns at will, deſcribe two arches 


that cut themſelves in a point D; the line drawn from 
diculdr to the 
conſtruction, the — C and D 


the 
line aB, for by 


point C to 2 * will be perpen 


are 
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are each of them equidiſtant from the points A and B. 
Therefore, Ee. A n 
2. From a gives point © 0u8 of « lin GH, „ draw a Fig 32. 
perpendicular to that line. 
From a point C taken for a center, deſcribe an arch that 
cuts the line GH in any two points A and B; and from 
the ſame points, taken alſo. for the centers, andwith an 
interval taken at will, deſcribe two arches under the line 
GH that cut one another at a point D; from the poigt D 
and from the point C draw the line C D until it meets 
GH an 
lar to G H. 
3. From a given point at * — of a- 2 40 1 
a perpendicular. 
Lengthen the given line on the fide where you raiſe 
your perpendicular, and then go on as in the firſt 


—_ 


b o given poin A out of a line CD, to draw ' Fig. 33. 
a Sal reto. 

— the paint C, taken a0 a center and at will, 
the given line CD, and with the diſtance C A, . an 
arch that cuts CD in E; and from the point A, taken as a 
center, and with the ſame interval CA deſcribe another 
arch CB at the point C; then make the arch CB equal 
to the arch A E, and draw the line AB it will be parallel 
to CD; for by drawing the line CA, the alternate angles 
A CD, CA B, are — by the conſtruction; therefore ho 
lines BA, CD, are parallel. 

5. To .draw a line parallel to a given line A B. 

Take two points upon the line AB, that is, near each 
extremity A and B, and from each of theſe points, taken 
for centers, deſcribe two arches, with ves equal to the 
diſtance there ſhould be between the parallels; then draut 


a 


FI E 


Fig. 34. 
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a line C D that touches theſe two arches without cutting 


them, and it will be parallel to the line A B. 

6. To divide a right line AB into any gives number of 

al Py ex. pr. foe. 
i Pie 75 Draw from the extreme point A a line 
AC, that forms at will with AB an 
EE angle CAB; upon AC 1 com- 
I "paſſes A r, beginning from point A, 
which is taken at will alſo juſt as many 
| B times as the line A B has equal parts, that 
is, in this s example five times; thro the 1 5 and thro' 
the point B draw the line 5 B, and at each of the points 
f, 2, 3, '&c. draw the vavalleh to the line 5B, ſo that 
they may cut the line AB, and they will divide that line 
into five equal parts. 
In order to prove it, conſider that by the conftry ction 
the line A 5 is divided into five equal parts; that all thoſe 
parts are each of them equally inclined between the paral- 
lels to the line 5 B, and alſo that the ſpaces that are be- 
tween two of theſe parallels are equal. Now all the five 
parts into which AB is divided are likewiſe equally in- 
1 in the ſame parallel equal ſpaces; therefore they are 


— ſector, which is an inſtrument made of two braſs 
rules tr” together, and that move about a common cen- 
ter, ſhews a way how to divide a line very eaſily into many 
equal parts. 

Vou find upon that cairn two lines, each of which 
is marked with egual parts. Each of thoſe lines is divided 
into 100, or 120, or 200 equal parts. | 

In order to divide a line into many equal parts with the 
ſector, for inſtance, into five, take with the compaſſes the 
2 of the given line, and with the compaſſes thus open, 
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ſet one of its feet at one of the. numbers of — 
and without 
any remainder by 5, as upon 530, oo, or 120, GC. 
open the eder watil the other foot of the compaſſes falls 
upon the ſame number of the other line of the equal parts; 
the ſector remaining thus opened, if the feet of the com- 
paſſes are ſet on x numbers 50 and 50 of the equal parts, 
the interval is taken from 10 to x0 of the ſame parts; if 
they are ſet on the numbers 100 and 100, the interval” is 
taken from 20 to 20 of the ſame parts; and laſtly, om 
24 to 24, if they are ſet on 120 to 120, any of theſe" in- 
tervals will be the fifth part of the given line; and if it 
is carried upon that line, it will divide it into five equal 
parts. The ſame method may be made uſe of to r a 
given line into a greater number of equal | 
If the given line is too great to be taken be © com- 
paſſes and carried upon the ſector, we muſt then divide it at 
pleaſure into many parts, and take the fifth of each of theſe 
parts if we are to divide the line into five: equal 
It is evident that all the five parts of each of 
theſe firſt parts taken S will give the fiſth part of 
the given line. | e us att li lac 
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V. of triangles. 5 . SETS . 


It bis been already ſaid, that a Sure was: a bee e. 
ſurface bounded on all ſides by lines. 

A figure terminated on all "lides by right 13 is called 
a refilinear figure; a figure terminated by curved: lines is 
called curvilinear ; and mixtilinear,. if it is bounded: ** 
right and curved line. 

In common geometry, no figure chat i is — or 
mixtilinear i is conſidered, n is the circle or the: parts 
of it. Among 


(a8 3 
Among the figures chat are rectilinear, the moſt ſimple 
waage A8, which. are made by three right lines, as 
BC made by he Ine AB, BG, CA. 

riangles have Aifferent, names juſt as they are conſidered, 
e . 

A triangle ABC, whoſe ſides are equal, is called 
an equilateral triangle; that whoſe two ſides are equal, as 


Fig. 36. * triangle A, is called an je and that whoſe 


three eee * is called a 
A C of the rectangle tri- 


Fig. 37. /oalene. be 
e, is called the bypotheruſe, 


| HY 
Fig. 35. *. 


t angle ABC, is called a 


A triang le that has e 8 
Fig. 38. rectangie — ; 
angle, oppoſite to the right ang] 
A triangle which has an angle AC B obtuſe, is called 
Fig. 5. an obruſe angle, or ambligen; and that whoſe three ſides is 
acute is an acute angle, or oxy 
+ One of the ſides taken at will is called the baſe of a 
triangle, and then the top of the angle oppoſite to that ſide 
is called 2h top or vertex of the triangle. 
Fig. 30. - The fides CA, CB, of a triangle are fixed by the angles 
which they make with its baſe; i. e. that the ſides are 
equal, if the angles of the baſe CAB, CBA, are equal; 
.and that they are 3 if theſe angles are unequal. For 
if the angles 4 the baſe of the triangle ABC are equal, 
the ſides CA, CB, will be equally inclined, and conſe- 
But if thoſe angles are u nequal, the fides 
Ta, CB, will be unequally inclined, — then they will 
be unequal. 
Hence it follows, that the equi 
. 2 angles equal, the iſoſceles triang 


Fig. 35. 
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13 order to prove it, at thi top C of the triangle Af C, 
let Ne Ae Sed web to its baſe” AB; che three Fig. 39 
angles D C A, AC B, BOE, will be together val to two 
me ſo that if ĩt be ſheun that thoſe: 
are equal to the three angles of the triangle RB C, "ie ey 
be concluded from thence that tlie three” of that 
are equal to two right angles. Nod becauſe of the 
tallel DE the angle ABC i equal to the angle BCE, 
auſe they are alternate; and for” the ſame reaſon the 
angle BAC is equal to the angle AC D; the pi 
2 therefore the three con- 
tiguous angles at t int C are equal to che three a 
of the triangle. Therefore; Sr. 5 
Whence it follows, that if one of the ſides A C of a Fig. 40. 
triangle be lengtliened out, the exterior angle BCD'will be 
equal to the two angles at the baſe" of the triangle. 
And that if two angles of a le 'are known, the 
other alſo will be known; this being done only by ſub- 
the ſum of the two known angles from 180 de- 
grees, and the remainder will give the number of degrees 
of the third angle of the triangle. 
le ABC has its three des equal te the three Fig. 41. 


If a triang 
fides of another triangle @ þ c, the firſt triangle will be 
equal to the ſecond: For if you lay the three ſides of the 
former triangle upon the three ſides of the latter, their ex- 
tremities will fall upon one another, becauſe theſe fides are. 
ſuppoſed to be equal, and conſequently theſe two triangles 
— perfectly coincide and agree together. Therefore hey 
equal. 

as two fides, CA, CB, of a triangle be equal t to two Fig. 42. 
ſides c 4, £6, of another triangle, and if the angle made 
by thoſe two fides be equal m both triangles, theſe two 
ml will be equal. For if you lay the fide A C of the 


Ee 2 One 
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one on the ſide a c of the other, they will coincide exactly; 

* and becauſe the angles A CB, ac, are equal, the fide 
CB will fall on che fide c, and the extremities A and B 
will fall on the /extremities 2 and 3; therefore the baſe A B 
will be equal to the baſe @ 5; — the triangle ABC 
will be equal to the triangle rr 

Fig. 43. Ap the baſe A Bf a triangle: AB.C be equal to the baſe 

a6 of another triangle ab e, and if the angles at the baſe 
of the former; triangle be equal to the angles at the baſe 
of the other, theſe two triangles will be equal. For if you 
lay the baſe AB upon the baſe: a h their extremities will 
fall in with one — becauſe theſe two lines are ſup- 
poſed to be equal; and the angles at the baſes of each tri- 
angl ual; dre A & l l pon che file oc, 
—_ the fide BC upon the fide ge; ſo that theſe two lines 
will meet at the point C; therefore theſe two triangles will 
mutually — paints, and conſequently be equal. 

In every triangle two ſides taken together are greater than 
the third; for, take any one of the ſides, for inſtance AB, 
das it is a. right line, it will be the ſhorteſt that can be drawn 
between two points, and therefore B C, CA, taken together 

75 5h do pun foren a right line, uſt be greater. p 


PROBLEMS: 


Fig. 44. + . To make an equilateral triangle upon a given line. 

Takin the extreme points A and B for centers, with an 
extent of this line, deſcribe two arches cutting one ano- 
ther in the point C, then draw the line CA, CB, which 

wo.ill give you the equilateral triangle ABC. 

Fig: 48. :2+ To make à triangle of three given lines A, B, C, two 

of whieh taken * are man than _ third, 


P 


Take 
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Take one of the given ſides A for a baſe, and from one 
of its extremities, taken as a center, and with the extent 
of the line B, deſcribe an arch; from the other extremity 
of the line A, and with the extent of the line C, deſeribe 
another arch cutting the former in the point D, from 
whence draw the lines to the extremities of the baſe A, and 
you will have the triangle A B C, whoſe ſides will be the 
three given lines A BC. | 


3. To make a triangle upon a given Jins A B, whoſe angles Fig. 46. 


at the baſe ſhall be equal to the given angles C and D, and 
which are ſuppoſed to be leſi than two right angles. © 

At the extremities A and. B of the ſide AB, make two 
aw equal to the given one C and D; the legs of theſe 
angles will cut one another in Cc, which will by the top of 
the triangle required. 2 


Uſes that may be made of — for meaſuring inacceſſible 
Vines, or * acceſſible at their extremities only. 


That part of geometry which. teaches the uſa. of triangles, 
and the method of finding their unknown fides and angles, 
by means of their fides and angles that are known, is called 
rrigonometr y. Problems of this fort may be ſolved either 
by trigonometrical calculations, or without them. The 
former way is the moſt accurate and exact ; but as it pre- 
viouſly requires a knowledge of things that there will be 
no need to treat of here, the following problems ſhall be 
ſolved without them. 


1. To find tbe 2 
thing, of 4 * ich is am only at its two extremi- 
ties A and B. 


I the country be fo open as to give you room n enough 
to act in the fo 


owing manner, chooſe any point C * ka 
m 


th AB of a lake, or which is the fame "PI 


Fig. 49. 


Fig. 48. 


Fig. 47. 


Fig. 48. 
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from whence you fen fe the points A and B; fix a ſtaff 
cares and retire from thence in the direction CB 
until you make CE equal to it; retire likewiſe from the 
ſame point C in the direction of A C, until C D be equal 
to it; chen meaſure the line D E, which will be equal to 
che line A B. For the triangle DGE is equal to the tri- 
angle ACB, becauſe its two ſides CD and CE are equal 
to the two ſides CB and CA of the triangle A GB, the 
angles DCE and ACB contained between theſe ſides 
being alſo equal, for they are oppoſite at their top. There- 
fore, &c. 

But if you have not room to make a triangle DCE 
equal to a le AC B, you may find the length of the 
line. AB by m a 9 ac, like or ſimilar to the 
triangle A C B, which is done by means of a ſcale and a 
protractor. 

The ſcale of a plan or figure is u right line divided into 
a certain number of parts, to which you give ſuch length 
and denomination as you pleaſe. It ſerves to increaſe or 
leflen a fig gure according as its parts are greater or leſs, 
without 1 the proportion the lines of he figure have 
to one another. 

As for example; in order to wake a draught upon paper 
of the triangle ACB, the fides CA, CB, and the angle 

alo AC B, which they contain, muſt be meaſured, thas 
is, the three things which determine a triangle, muſt firſt 
be known; then a ſcale is to be made, which is done in 
the following manner. Draw an indefinite right line AB, 
and take a ſmall part of it AC at pleaſure, which you 
may call one or ten fathoms, r. If you are to draw a 
figure that is to be meaſured by fathoms, then lay this part 
e C a certain number of times upon the line A B, fo that 
this line may contain a number of fathoms nearly equal to 
the 
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the longeſt ſide of the figure; this will make it fitter for 
Rice; but this precaution is not abſolutely neceſſary, 
— a ſcale may be greater or leſs without much incon- 
veniency. At each diviſion of the ſcale, write underneath 
the number of fathoms which it contains, beginning at the 
point A, and the laſt number wrote under the point B will 
expreſs the length of the whole ſcale. 
Let us ſuppoſe, at preſent, that the fide A C of the tri- Fig. 47. 
angle AC B is found to be 40 fathoms, and the fide CB 9 48. 
30, and that the angle A CB is 50 degrees; draw the in- 8 9. 
definite line ac, and take 40 fathoms on the ſcale which Fig. 49. 
lay on this line from @ to c; make at the point c an angle 
ac b of 50 degrees with the protractor, and taking 30 fa- 
thoms on the ſcale, lay them on the ſide c 5 from c to 6, 
and draw the line a b, which being applied to the ſcale 
will ſhew the number of fathoms it contains, i. e. thoſe 
which the line A B of fg. 47, contains on the ground; for 
every fathom of the ſcale ſhews every fathom on the 
ground, and the _ a cb is determined in the ſame Fig. 47. 
manner as, or made ſimilar to the triangle A CB; there- Fig. 49- 
fore the number of fathoms of the line a6 belonging to the 
triangle @ 5 c will be equal to that of the line A B belonging 
to the triangle ABC. 8 | & 4% 
Two thus agreeing in all circumſtances except in 
meaſure are called. ſimilar figures. | 
Whence it follows, that two triangles are ſimilar when 
the angles of the one are equal to the angles of the other 
reſpectively, and their ſides being divided into the ſame 
number of equal parts, may, as to their magnitude, differ 
in ood triangle 2 in the other. W 
mologous ſides in ſimilar figures are thoſe that are oppo- 
ſite to equal angles in each figure; thus in two ſimilar rect- 
angle triangles the hypothenuſes are homologers ſides. 


The 


Fig. 50. 
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The proportion that is between two homologous 18 ſides, of 
two ſimilar figures, is the fame as is between all All the homo- 
logous fides of thoſe two figures. Wherefore, if there be 
two ſimilar triangles, and if two ſides of the one be known, 
and a ſide homologous with one of theſe ſides in the other, 
you may find by the rue of three the two other ſides of this 
latter. An example-of this ſhall be Sven in the ſeries of 
the following 2 — 

Angles are meaſured in a field almoſt in the due man- 
ner as on paper, by means of a copper or wooden ſemi- 
circle GID, raiſed on a ſtaff, on which it is made to 
move about by means of a ball and ſocket. 

This ſemi- circle is divided, like the protractor, into * 
grees, half degrees, quarter degrees, and even into leſſer 
parts, becauſe it is a larger inſtrument. At the extreme 
points G and D of its diameter, there are two little parallel 


plates that are perpendicular to the diameter, and drill d thro' 


Fig. 47. 


in ſuch a manner, that the viſual ray which comes thro' 
their two orifices may paſs thro' the center of the inſtru- 
ment; [theſe plates are called vanes or fights. This ſemi- 
circle has a rule called an albidade, belonging to it, made 
moyeable about its center C, on the extremities of which 
there are two vanes drilled thro' in the ſame manner, and 
with the ſame caution as the former. 

In order to meaſure an angle with this inſtrument, for 
inſtance, the angle A C B, you muſt place the center of the 
inſtrument over the point C, directing the diameter of the 
ſemi-circle in ſuch a manner as that you may ſee the point 
A by looking thro the vanes G and D. While the inſtru- 
ment remains in this ſituation, turn the moveable rule HI 
gently towards B, until you can ſee that point thro the 
vanes of the rule. In this caſe the diameter of the ſemi- 
cirele, and its moveable rule, will be in the ſide CA 


and 
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and CB of the angle A-C B,- and its center C at the top 
of the ſaid angle. Therefore reckoning the degrees of the 
arch contained. between the ſides A C and CB, you "will 155 
the quantity of the angle A CB. 

Vou muſt take care to direct the e in * a 
manner, as that its circumference be always between the 
ſides of the angle that is to be meaſured. 

2. To meaſure the breadth of a river. * 

Vou muſt take the length of the line AB on one fide 
of the river, and obſerve a point C on the other; then 
imagine the two lines A C, BC, in order to have a triangle 
ABC. Take the meaſure of the angles CAB and CBA; 
thus in the triangle AB C you will have the baſe AB, and 
the angles at the baſe ; that is, three things which will 
give you the triangle; for if you draw it upon 


Per, 
you will find the ide AC, that is, the breadth of the 


river. 


3. To find the di Kaner 0 and D of 70 places you cannot 
Come at. 

Take the length of a line AB in the field, as in- the 
foregoing SITS and if you make a triangle 46e ſimi- 
lar to the triangle ABC by means of a ſcale, you will 
then have a point c. In the ſame manner make a triangle 
abd ͤſimilar to the triangle ABD, and then you will have 
the points c and d; fo that laying the diſtance cd on the 
ſcale, you will find the number o fathoms for the diſtance 
of the two places C and D in the country. 


4. To find the height AC of a tower or. of a 1 &c. 
acceſſible at the botttom A. 


Take the meaſure of a line AB Gr the foot of the tower 
Aof any length, but nearly equal to the height of the tower, 


if the ET will permit it; at the end B of this line 
place your ſemi- circle in ſuch a manner, as that its circum- 
f ference 


Fig. 51. 


Fig. 52. 


Fig. 53: 


— 
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ference ſhall be in a vertical ſituation, or perpendicular to 


the ground, and its diameter. parallel to it; this being 


done, take the meaſure of the angle EDC, by moving 
the rule of the ſemi-circle until you can ſee the point C 
through its vanes, and as the angle CED or CAB is a 
right one, all buildings being raifed perpendicular to the 


horizon, it follows, that you have the three things requi- 


Fig. 54. 


ſite for finding the triangle CDE, vis. one fide E D, 
and the two angles on that ſide; wherefore by making of 
a ſimilar triangle, as in the foregoing problems, you will 
know the length of the line CE, to which if you add the 
line EA or DB, that is, the height of the inſtrument, you 
will have the height AC. PS 
5. To meaſure the height CD of a tower inacceſſible. 

| Meaſure a line AB in the field, from the ends of which 
A and B you may ſee the point C; place your inſtrument 
at the point A in a vertical ſituation, as in the foregoing 
problem, and imagine the lines EC and CF drawn in the 
air; then meaſure the angle CFE by moving the rule 
until you can fee the point C through its vanes; then re- 


move your inſtrument to the point B, and place it in the 


fame ſituation as it was at the point A; but care muſt be 
taken that its diameter be till in the line EF or AB; 
then meaſure the angle CE G, or the angle CEF, and 
draw the triangle CEF upon paper, whoſe baſe E F is 


known, as alſo its angles at the baſe CEF and CFE, you 


will then have the . C determined by means of this 
triangle ; and in order to get the height CG, you muſt 
let fall a perpendicular CD from the point C upon the 
baſe FE, continued from the point E, until it cuts the per- 
1 CD at the point G; this perpendicular C G 

ing meaſured on the ſcale, will give you its length in 
Eathoms, to which if you add F 4 height FA or GD 


% | of 
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of the inſtcument, you will have the height of the inac- - 
ceſſible line C D. 

6. To find the height of a line A B —_— y at th Fig. 55. 

bottom A, without an inſtrument. + 
Take two ſticks DE, CF, of different letigths, and fix 

one of them DE in the ground, at any diſtance AD from 
the extreme point A of the line AB; then fix the other 
ſtick F Cin a point C of the line AD continued; this point 
is had by bringing the three points E, E, B, in one line, 
which is done by looking on the point B through the points 
F and C; theſe flicks being thus fixed perpendicularly, 
imagine a line FH to be drawn parallel to CA, which 
will make two fimilar triangles FG E, FH B, for G E is 

pendicular to AC as well as HB, therefore theſe two 

fine es are parallel ; therefore the exterior angle EGF will 
be equal to its oppoſite interior BHF, as alfo the angle 
GEF to the angle H B F; therefore che three angles of 
the little triangle F G E will be equal to the three angles 
of the great triangle FH B, reſpectively one to another; 
therefore theſe two triangles are ſimilar. Wherefore by 
meaſuring the ſides G F, GE, in the little triangle, and the 
fide FH in the great one, which is homologous to the fide 
FG of the little triangle FGE, you will find the length 
of BH, which is homologous to "he fide GE, by means 
of the rule of three; for inſtance, ſuppoſe the Mfrs FG 
be 12 foot, and GE which is the difference of the two 
ſtaffs be nine foot, and laſtly, FH or CA be. 50 foot, 
BH will be found, by faying, if CD (12) give CA (50), 
what will GE (o) give? anſwer, 37 foot 6 inches, the 
length of the line BH; to which you muſt add CF 
or HA, the height of the ftick CF, to have the whole 
height A B. | 


Fig. 56. 
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7. To make a ſurvey, i. e. a draugbi on map of a 
country.: " r 
A draught or map is a plain figure, in which all the 
places of a country are ſet down according to the ſituation 
they have in reſpect to one another. It is properly. a figure 
ſimilar to that of the country, and on which the diſtances 
of places are known by means of a ſcale. It is not ne- 


= 


ceſſary to go through all that 1 to this. ſubje& ;. let it 
ſuffice to ſhew what uſe is made of triangles on this oc- 
caſion. | nf. ESEE as 

And firſt of all chooſe a place from whence you may ſee 
many. remarkable objects, as ſteeples, mills, caſtles, ec. 
and there meaſure a long line AB, from the extremities of 
which you may diſcover theſe remarkable objects; place the 
inſtrument or ſemi-circle at the point A; and fix a great 
ſtaff at the point B; put ſomething on the ſtaff, as a pa- 
per or handkerchief, in order to diſtinguiſh it from the 
point A; fix the ſemi-circle in ſuch a manner, as that look- 
ing through the vanes of its diameter, you may ſee the ſtaff 
fixed at the point B; this being done, take all, the remark- 
able objects, C, D, E, F, that are before the line AB; which 
is done by imagining the lines A C, A D, AE, &c. and 
meaſuring the angles BAC, BAD, BAE, ec. ſet down 


upon paper the quantity of each of thoſe angles, with the 


name of the places C, D, E, &c. this is done by taking a. 
line at will for the baſe, and drawing at one of its extre- 
mities as many indefinite lines as there are places obſerved, 
ſo as that the lines may make as many different angles 
with the baſe; on each of thoſe lines mark the name of 
the place to which they anſwer, and between each of them 
and the baſe make an arch, and in it mark the quantity 


of the angle which they make with the baſe. 


When 


LF * . = ; 
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When all the angles are thus meaſured and marked upon 
the paper, carry the ſemi-circle to the point B, then take 


away the ſtaff that was fixed there, and fix it at the point 
A, juſt where the inſtrument was placed; place the ſemi- 
circle at the point B, ſo as that looking through the 
"vanes of its diameter, the ſtaff may be ſeen fixed at the 
point A; then imagine the lines BC, BD, BE, &c. and 
meaſure the angles ABC, AB D, ABE, &c. i.e. the angles 
which the places ſeen in the firſt working make with the 


other fide of the baſe. _ the ſame ſheet of paper draw, 
at the other extremity of the baſe, lines juſt in the ſame 
manner as was done for the angles ſeen at the point A, 


i. e. by writing along each of thoſe lines the name of the 


place ſeen, and drawing between them and the baſe arches 


in which is wrote the quantity of degrees which each of 


thoſe angles was obſerved to have. According to this ſe- 
cond working, all the poſitions C, D, E, &c. become tops 
of triangles which have the line AB for their common 
baſe; by this method the angles which each of thoſe tri- 
angles make with their baſe are known, and fo is its baſe, 
conſequently three things are known which determine each 
of thoſe triangles, and ſo they are all determined.  _. 
Now to draw the figure upon paper, or which is the Fig. 56, 


fame thing, to make a clean draught of it, draw the line 57: 
a b, and call it the length of the line A B meaſured upon 


the ground and at its extremities a and &; with the pro- 
tractor make angles equal to thoſe that have been meaſured 
at the points A and B, the fides of thoſe angles being 
lengthened, will cut one another in the points c, 4, e, , &c. 
which determine upon the map the fituation of the places. 
C, D, E, F, &c. obſerved upon the ground. 

All the places which are on the other fide: of the baſe Fig. 56, 
AB are taken and laid down in the ſame manner, and: if 57+ 

| | | you. 


Fig. 58. 
Fig. 59. 
Fig. 60. 
Fig. 61. 


Fig. 62, 


Fig. 63. 
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you are willing to go farther on, take ſor a new baſe two 
poſitions F and E, — determined by the firſt work- 
ings; then take the poſition of thoſe places that are of 
either ſide of the new baſe, and take again another new 
baſe, and fo on ſucceſſively until you have all the ſitua- 


tions of the chief places of the country whoſe ſurvey is to 
be made. All the obſervations taken upon each baſe are laid 
down in the ſame manner as thoſe that were made on the 
firſt AB and the line 4 &, which is ſuppoſed to be of the 


fame length as AB, is made a ſcale of, and for that reaſon 


is placed in ſome part of the map, and divided into the 
ſame number of fathoms that the line A B contains. 

But, in obſerving the objects C, D, E, &c. care is to be 
taken, that thoſe places do not make, with the baſe A B, 


angles too acute or too obtuſe; wherefore the baſe AB muſt 


be as large as the ground will pernaſt, for then the ſitua- 


tions are taken more exact. 


VI. Of quadrilaterals. 
A quadrilateral A is a figure terminated by four right 


lines. 


A ſquare'C is a quadrilateral who rs fideo a are equal, 


and angles right. 


A parallelogram D is an oblong quadrilateral, whoſe op- 
polite fides are parallel, and angles right. 


A rhombus or lozange E is a quadrilateral whoſe fides are 
all equal, but angles oblique. 


A rhomboides F is an oblong quadrilateral whoſe oppoſite 
ſides are parallel, but angles not right. 


A trapegium G is a quadrilaeral that has * two op- 
neee 1 1 1 


A 


[31] 
A line CB drawn from the angle C to its-oppoſite 2 Fig. 64. 
B in a quadrilateral, is called the diagonal. 


PROBLEMS. 


1. To make a ſquare upon à given line. Fig. 65. 

At the extreme points A and B of the given line, draw 
two perpendiculars AD, BC, each of them equal to the 
line AB, and join theſe perpendicular with the line DC 
for the ſquare required. 

2. To make a parallelogram whoſe aides are two given Fig. 66. 
lines A and B. 

Take a line EC equal to the given line A, and from the 
points E and C draw the diculars E F, CD, each of 
them equal to the other given line B, and draw the line 
FD to have the rectangle required. 

3. To make a bombandes whoſe fides are two given lines Fig. 67. 

A * B, with an angle equal to a given angle 2 C. 

Take a line DF equal to the given line A, and at its 
extremity D make an angle F D E equal to the angle C, 
and take D E equal to the other given line B; then from 
the point E, taken for center, and with the extent of the 
line A, deſcribe an arch on the fide of F, and oppoſite to 
the point E, and from the point E, taken alſo for center, 
and with the extent of Fa line B, deſcribe another arch 
that cuts the firſt in a point G, and drawing from thence 
the lines GE, G F, you will ave the rhomboides DFGE 


as required. 


VII. Of polygons. 


Figures ; that 1 more than four ſides are commonly 
called polygons. Amongſt which, that which has five ſides 


1s 
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I called: a pentagon, that which has ſix an  bexagon, that 


Fig. 68, 


Fig. 70. 


Fig. 70, 


which has ſeven an beptagon, that which has eight an ocro- 
gon, that which has nine an enneggon, that which has ten 
a decagon, that which has eleven an andecagon, and that 
which has twelve a dodecagon. As for the reſt of them, 
they are {imply called polygons, only mentioning the 
number of their ſides; thus a polygon i is 4 0 to be of 1 5 
of 20 ſides, &c. 

A polygon is either regular or irre ach 

A regular polygon A is that which has all its ſides and 
angles equal; and an irregular polygon B is that which 
has any inequality either in its ſides or angles. 

In a polygon B the angle A CD is called /ail/ant angle, 
when its top C is without the polygon; and the angle 
EFG is called re-entering angle, when its top F 1s within 
the polygon. 

The center C of a regular Og is a point C in the 
polygon, which is equidiſtant from all its angles, 

There are two ſorts of radius's in a polygon, n, 


direct and an ablique one. 


Fig. 70. 


The direct radius CA is that which is drawn perpendi- | 
cularly from the center C of the polygon, upon one of its 
fades 5 D; and the oblique radius CD, that which is drawn 
from the center C of the polygon to one of its angles D. 

A polygon has two ſorts of angles, the angle of the cen- 
ter, and the angle of the circumference. 

The angle 9 the center BC > is made by two oblique 
radius's C B, CD, drawn from the extremities B and D of the 
fame ſide BD. 

The angle of the circumference DEF is made by two 
ſides of the polygon DE, EF. 

In all regular polygons, the direct radius cuts the 
ſides into two equal parts; and the oblique ones 912 
divide 


TI990) 


divide the angles of the circurnference into two equal 


In order to prove that the direct radius CA biſſects the 
fide BD, we obſerve, that the point C being equidiſtant 


from B and from D, and the line C A perpendicular to Fig. 70, 


BD, all the points of CA muſt be likewiſe equidiſtant 
from B and from D; therefore B A is equal to AD. There- 
fore, &c. 

As for the oblique radius CD, we conſider that the point 
C is as equidiſtant from B and E, as the point D is alſo 
equidiſtant from the ſame two points; conſequently the line 


CD has all its points equidiſtant from B and E, therefore it 


will cut into two equal parts the arch deſcribed from the 
point D taken for a center between the ſides BD, DE; 
therefore it will cut the angle into two equal parts. There- 
fore, &'c. 
| The angle of the center A CB of a regular polygon, 
added to the angle of the circumference BAD of the Hae 
polygon, are equal to two right ones. For the three 1 
of the triangle AC B are equal to two right ones, but the 
two angles of the baſe of the triangle C AB, CBA, which, 
together with the angle of the center ACB, are equal to 
two right ones, are equal to the angle of the circumference 
BAD. Therefore, Sc. 
It follows from hence, that when the angle of the cen- 
ter of a regular polygon is known, the angle of its cir- 
cumference is known alſo, ſince you need only take off 
from 180 degrees, i. e. from the ſum of two right 
angles, the angle of the center of the polygon. = 

As for the angle of the center of a regular polygon, it 
will always be Sond by dividing the ſum of four right 
angles, or 360 degrees, by the number of the ſides of the 
poly gon. For all the angles of the center of a polygon are 

* equal 


Fig. 71. 


Fig. 72. 


Fig. 73. 


Fig. 74. 


Fig. 76. 
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equal to four right angles; but all thoſe angles are equal 


among themſelves. Therefore, &c. 

Hence it that if from the center C of a regu- 
lar polygon, and with the diſtance of one of its oblique 
radius's 6 A, a circle be deſcribed, the circumference of 
that circle will be divided by the ſides of the polygon, or 
by its oblique radius s, into as many equal parts as the * 
gon has fides. 

A polygon thus contained in a circle, and whoſe : angles 
are in the circumference of that circle, is ſaid to be inſcribed 
in the circle; and a polygon B, whoſe fades touch the cir- 
cumference of a circle, i. e. in which the circle is con- 
tained, is ſaid to be circumſcribed about the circle, 

The angles of any polygon are equal to twice as many 
right angles as the polygon has ſides leſs two; that is to 
ſay, that if from the ſum of the ſides of the polygon you 
ſubſtract two, its angles will be equal to twice as many 
right angles as there are ſides remaining; for a polygon can 
always be divided into as many triangles E BD, BDA, 
AD G, as there are ſides leſs two, by drawing the lines 
DA, DB, from an angle D, of the circumference to the 
other Band A; now to angles of each triangle are og 
to two right ones. Therefore, &c. 

The fide of an hexagon is equal to the radius of the circle 
in which it is inſcribed. + 

Suppoſe AB the fide of an hexagon, In order to prove 
that it is equal to the radius C A of the circle in which 
the hexagon is inſcribed, draw the radius CB, and you will 
have og triangle CB A, whoſe angle BCA will be the 
ſixth part of the whole circumference of the circle, or a 


third of the ſemi-circumference, ſince the ſides of 3 


hexagon divide the circumference into ſix equal parts. Now 
the three angles of this triangle being equal to two right 


ones, 


„ 
ones, they will be meaſured: by the whole ſemi-cireumfe 
rence; the angle ACB will be meaſured by a third of it. 
The two angles CAB, CBA, taken together, will be therefore 
meaſured 
becauſe of the equality of the ſides CA, CB. Therefore 
they are each of them one third of the ſemi-circumference. 
Therefore the three angles of the triangle CBA are equal. 
Therefore its ſides are alſo equal. Therefore AB is equal 
to CA. | | 


PROBLEM S. 

1. To inſcribe a ſquare in a given circle. 

Draw two diameters AB, CD, that cut themſelves at 
right angles at the center E, they will cut the circumference 
of the circle into four equal parts, then draw the chord of 
each of thoſe parts. 

2. The oftogon will be had by dividing each arch that 
ſuſtains the fide of the ſquare into two equal parts. 

3. To inſcribe an hexagon in a given circle. 

Take the radius A C of the circle, and lay it in its cir- 
cumference, it will divide it into fix equal parts; then draw 
the chord of each of thoſe arches. 


4. A dodecagon will be had * dividing each arch of 
0 


the circle that contains a fide the hexagon into two 
equal parts, and then drawing the chord of each of thoſe 
arches. 

F. To inſeribe any regular polygon in a given Circle. 
Divide the circumference of the circle into as many equal 


parts as the polygon has fides, and draw the chord of each 
of thoſe | | 

The circumference of the circle cannot be divided geo- 
metrically into any given number of parts, that is to ſay, 
g 2 only 


by the two other thirds; but thoſe two are equal, 


Fig. 75. 


Fig. 76. 


Fig. 77- 
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only with a rule and compaſſes ; but as for the inſcription 
of polygons in a circle, it muſt be done by trying, laying 
any opening of. the compaſſes upon the circumference of 


the circle, and increaſing or diminiſhing it until it divides 
it into the ſame number of equal parts as the polygon is to 


have fides. It may be done without trying, by means of 


a ſector. Upon that inſtrument there are two lines, on 
which are marked the fides of polygons from the ſquare to 


the dodecagon. 


* 


In order, with this inſtrument, to inſcribe a polygon in 


a given circle, take with your compaſſes the length of the 
radius of the given circle, and the compaſſes remaining 


open, fix one of its feet at the point 6 of the line of the 


polygons, and open the ſector till the other foot of the com- 
paſſes falls on the point 6, the other ſide of the ſector; the 


ſector remaining thus opened, if you want to inſcribe an 


heptagon in the given circle, take upon the line of the po- 
lygons the interval of 7 to 7; or from 9 to , if it is an 
enneagon; of 5 to 5, if it is a pentagon, & c. and lay that 
extent on the circumference of the circle, and it will di- 
vide it into 7, or 9, or 5, &c. equal parts. FS: T 
If the radius of the given circle be too long to be laid 


on the line of the polygons, ſo as that the diſtance of 6 to 
6 of the line of the 


the ſector, be not ſo long as the radius of the given circle, 


polygons, in the greateſt opening of 


deſcribe in that circle and from the ſame center a leſs circle, 
inſcribe in it the polygon required, and then draw the 
oblique radius of that polygon, which muſt be prolonged 
to touch the circumference of the om circle, and they will 


divide it into the fame number of equal parts as the po- 


lygon is to have fades. | 


6. To make a figure and fimilar 10 a given re 
ABCDE. _ * ä | 


Divide 
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Divide the given figure into triangles by the lines DA, 
DB, drawn from one of the angles to the other; then draw 
a line a b equal to AB, on which make the triangle 2d b 
equal to the triangle ADB, and on 4 & make the triangle 
b d c equal to the triangle BDC, and ſo on a d the tri- 
angle ade equal to the triangle ADE; then the figure 
a b c d will be had equal and fimilar to that required. 


This problem may be made uſe of to make a plan of any Fig: 77- 


figure whatever; for if the figure AB CDE is ſuppoſed to 
be a ground or place whoſe draught or plan is to be taken, 
it muſt be divided into triangles: by imagining the lines 
AD, DB, drawn in the figure. Meaſure thoſe lines, and all 
the out-lines of the figure; make a rough draught of it 
upon paper, and write on each of thoſe. lines the number 
of fathoms they are found to be of on the ground. Now 
to make a clean draught of the figure, make a ſcale, and 
with it make triangles ſimilar to all thoſe that make up the 
figure AB CDE, and thoſe triangles will give the plan or 
figure of it in ſmall. For inſtance, ſuppoſe that the fide 
AB has been meaſured, and found to be 106 fathoms; 
that the fide AD. has been meaſured, and found to be 140 
fathoms; and the fide BD of 102 fathoms. ol 


* * 


Now to make a draught of this triangle, make a ſcale, on Fig. 77, 
which take 106 fathoms, which muſt be laid on a line a6, 78. 


from à to 6; then take 140 fathoms for the fide AD; and 
from the point A, taken for center, and with the diſtance 
of 140 fathoms, deſcribe an indefinite arch; and as the 
fide BD of the triangle ABD, is of 102 fathoms, take 
102 fathoms on the ſcale; and from the point B, taken for 
center, and with that diſtance, deſeribe another arch that 
cuts the firſt in a point d, and drawing from thence the lines 
d a, d 6, the triangle ad 6 will be had ſimilar to the tri- 
angle ADB. . 


The 
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Fig. 77, The two triangles AED, BD C, will be had in the ſame 
78. manner, in order to have the whole plan a4 c de of the 
given figure. . f | r | ' . 
If you cannot conveniently get within fide the fi 
ABCDE, in order to take the plan of it, it muſt be taken 
from without, by meaſuring all the ſides A B, BC, &c. 
and all the angles ABC, BCD, Ec. of that figure. 
Fig. 77, To draw it upon the paper, draw a line 25, and with 
78. the ſcale give it as many fathoms as the line AB has been 
found to have on the ground; and at its extremities @ and 6, 
make angles 4 6c, + ae, equal to the angles ABC, BAE, 
of fig. 77, and give the lines bc, ae, the fame number of 
fathoms as the the lines BC and AE have; at the point C 
make the angle c d equal to the angle B CD, and the fide 
ed equal to the fide CD; and fo going on in the ſame 
manner, you will have the plan drawn a5 cd e taken from 
In order to know for certain if there be no miſtake in 
meaſuring the angles of a figure, you muſt add them all 
together, and ſee if their ſum total gives twice as many 
right angles as the figure has ſides leſs two; for inſtance, in 
the figure AB CDE, which has five ſides, the ſum of thoſe 
angles is equal to fix right angles, or 540 degrees; if a 
greater or leſs quantity of degrees were found, there muſt 
— error in the meaſure of the angles, and the 
working muſt be begun again. | 
This method of taking and laying down a plan, gives 
us a draught which repreſents the length and breadth of 
the place propoſed. Thus the plan of a town, or of a for- 
#ification, repreſents the lengths and breadths of all its parts; 
and it may be confidered as a ſection of the town or forti- 
fication, parallel or level with the furface of the ground. 


9 
- 


In 


1 
In order to ſee the heights,” another kind of drauglit is 
made uſe of called a profile, becauſe it repreſents a perpen- 
dicular ſection from the top to the bottom of the'work. 

By means of plans and profiles, lengths, breadths, and 
heights are ſhewn; but to repreſent its exterior appearance, 
another kind of draught or 23 uſe of, called an 
elevation. 

Theſe three kinds of drawings are abſolutely nebechry 
to give a complete view of a building; bor the two 
former only are made uſe of in fortification. 

We — not proceed further without treating of ſome of 
the properties of quadrilaterals; and that our obſervations 
may be more general, we ſhall conſider the parallelogram, 
the rhombe, = the rhomboide, as quadrilaterals of the 
ſame ſpecies; and we ſhall call them all parallelograms, de- # 
fining a parallelogram in the following manner, 07>. | 
a quadrilateral, whoſe oppoſite fides are parallel; and that 
which has its angles right, we ſhall eall a rectangle paral- 
lelogram, or ſhortly, a rectangle; and as to rhombes and 
rhomboides, whoſe angles are oblique and unequal, we ſhall 
call them inclined parallelograms. 

8 are divided into two equal parts or Fri- 
angles by their diagonals... | 

The triangles DAB, DBC, are equal, which are made Fig. 79. 
by drawing the diagonal BD of — paral] m ABCD; 
for DB is a common baſe to both les; and the 
lines AB, DC, being parallel, the angles ABD; BDC, 
ae alma angles, and conſe y equal; wherefore 
the two triangles DAB, DBC, having the ſame baſe, and 
the angles of the baſe of the farmer triangle being equal 
to the angles at the baſe of the other, theſe two Cos es 


will be equal. Therefore, G. 


From 


+1 


Fig. 80. 
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| From the equality of theſe two wog DAB,DCH, it 


follows * SH 

That the fide AD is 
fide AB to the ſide DC, ſo ti 
oppofete fades are equal. 


2, That the angle DAB is equal to the angle D CB, 
and the angle ADC is equal to the angle AB C, whence 


it follows that in every Feen the oppoſite angles are 
on” 


val to che ade BC, and the 
at in wy parallelogram the 


That the three angles of each of the triangles DAB, 


D E B, being equal to two right angles; a// the angles of 


the parallelogram taken together ard equal to 2 right ones; 
which is indeed true of all 2 the diago- 
nal divides them into two trian 

4. That if, thro' the extremities of two lines, A B, DC, 
being equal and parallel, two other lines AD and BC be 
drawn, theſe lines will be alſo equal and — _— 


a parellelogram with the two former. 


VIII. Of planimetry, or 45 negſure of ** ſur faces. 


1. Planimetry is that part of geometry which teaches 
how to meaſure the ſuperficies, area, or ſurface of figures; 
and as lines are meaſured by other leſſer lines, as with a 
fathom, a foot, &c. fo likewiſe ſurfaces are meaſured 
by other lefler 8 chat is, with a ſquare fathom, a 
ſquare foot, &c. 

2. A ſquare fatbom is a {quate of which every ſide is a 
fathom; and a ſuare foot is allo a ſquare, every fide of 
which is a foot. 

wth * ſurface of 4 refangle ABCD is equal to the 

& of one of its fides AB, by the other BC. 


For 


4) 
For the rectangle ABCD may be conſidered as being 
filled with an infinite number of lines equal and parallel to 
AB, only ſeparated from one another by diſtances: infinite- 
ly ſmall. Now it is evident, that there will be as many of 
theſe lines in the rectangle, as there are points or. infinitely 
ſmall parts in its altitude B C; wherefore, in order to obtain 
the number of all theſe lines, i. e. the ſurface of the rect- 
angle, you muſt multiply AB by BC. Therefore, c. 
If the fide AB be 5 fathoms, and the fide BC 4, by 
drawing lines parallel-to the fide B C, through the extremi- 
ties of each of the fathoms of AB, the rectangle AC will 
be divided into g other rectangles, which will each of them 
have one fide A 1; 1, 2, &c. containing one fathom, 
and another {ide equal to BC, containing four fathoms. 
Now if through the extremities of each of the fathoms of 
BC parallels to AB be drawn, - theſe parallels will divide 
each of the five aforeſaid rectangles into four ſquares, each 
of them a fathom; wherefore the ſuperficies of this rect- 
angle will be equal to five times four ſquare fathoms, i. e. 
to the product of AB multiplied by BC. | | 
4. If inſtead of a rectangle parallelogram a ſquare was 
to be meaſured, it is evident that its ſuperficies would be 
had by multiplying one of its ſides by itſelf; for a ſquare 
may be conſidered as a rectangle with all its ſides equal: 
now in order to have the ſurface of a rectangle, you are to 
multiply one of its ſides by another. Therefore, Sc. 
5. So. that when we multiply two lines together, or, 
which is the ſame thing, two numbers which expreſs the 
length of theſe lines, their product gives the ſurface of a 
rectangle, whoſe ſides will be theſe lines or numbers. And 
likewiſe when we multiply a number by itſelf, its product 
gives the ſurface of a ſquare, whoſe ſide is the given num- 
ber. Thus a fathom being ſix foot, a ſquare fathom will 
h be 
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be 36 ſquare feet; and a ſquare foot will be 144 ſquare 
6. Whence we are to take notice, that if we are to re- 
duce ſquare fathoms into ſquare feet, we muſt multiply 
them, not by 6, the number of feet in a fathom; but by 
36, the number of ſquare feet which are in a ſquare fa- 
thom ; and that, in order to reduce ſquare feet into ſquare 
inches, we muſt multiply them by 144, 5. e. by the number 
of ſquare inches that are contained in a ſquare foot ; and 
on the other hand, to reduce ſquare feet into ſquare fa- 
thoms, we muſt divide them by 36; and laſtly, to reduce 
ſquare inches into ſquare feet, we muſt divide them 
by 144. | | 
Ho When any figure is to be meaſured, we muſt find, 
according to what has been laid down, how many fquares 
of 32 meaſure or other the furface of the figure 
contains; but it is manifeſt that the rectangle and the 
ſquare are the only polygons that can be divided into equal 
by the means of lines drawn parallel to their ſides, 
and that therefore it is the ſurfaces of theſe figures only 
that can be had in fquare meaſures by multiplying of one 
fide by the other; wherefore in order to get the furface 
of inclined parallelograms, as alſo that of other polygons, 
retangles equal in ſurface to theſe figures are to be found, 
whoſe ſurfaces being known, give thoſe of the figures that 
are equal to them. We muſt obſerve, 
| | I, 
8. That as all figures are meaſured by the ſquare, the 
lines that are multiplied together in order to obtain the 
ſuperficies of the figure ought to be cular to one 
another, otherwiſe their product can never become ſquares. 


9. That 
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9. That i in lograms, a» well as in triangles; you 
may take which ſide you pleaſe for a baſe, and then the 
height of the paral 


m will be a ++ * "PI line 
drawn down to Tor the oppolite Feel 


* That the height of a trian le is a perpendicular let 
down from the top upon the lengthened out, where- 


ever . perpendicular falls gig the triangle. 


2 That it is the ſame thing to ſay, that two figures are 
equal in height, — are between the ſame pa- 
rallels, becauſe all perpendiculars between the ſame paral- 

lels are equal, and theſe perpendiculars are taken for the 


heights of figures. 


"I 
12. That when two figures are ſaid to be equal, it fol- 
lows not from thence that they are ſimilar or like, but only 
that they have equal furfaces. Thus a triangle is equal to 
a ſquare, if its — be equal to that of the ſquare; where- 
fore, when figures which contain equal ſurfaces are termi- 


nated by lines that make equal angles, they are ſaid to be 
ſimilar and equal. 


1 3. Paralleloagrams upon the ſame baſe, and 3 the 
ſame parallels, are equal. 

Let the parallelograms ABCD, ABEF, be on a com- Pig. 81. | 
mon baſe AB, and between the fame parallels DE, AH, 
we ſay, they are equal. 

For their oppolite ſides are equal, i. e. AD to BC. and 

AF to BE; and alſo the ſide AB to DC and FE; now if 
to each of "theſe ſides DC and FE you add the line CF, 
you will have DF equal to CE; conſequently the three 
ſides of the triangle © to the k des of the 


triangle | | 
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triangle BCE; wherefore theſe two triangles will be 


equal; but cheſe triangles have the triangle CG F com- 
mon to both; wherefore taking it away, you will only 
leſſen the two triangles ADF, BCE, by an equal quantity, 
and what remains, the two N AG CD, BEFG, 
will be equal; now if to theſe two trapeziums you add the 


| triangle ABG, it is evident that the figures ABC D and 


Fig. 82. 


Fig. 83. 


AB EF will be equal, which figures are 2 given pant 
lelograms. Therefore, &c. 
| * follows from this 12 22 


14. That parallelograms hap * _ baſs, and that 
equal. 


ore between the ſame parallels, are 
For let the parallelograms AB CD, EF GH, be upon the 
equal baſes ABEF, and between the ſame paralle I AF, 
DH; if you draw che line A H, B G, you will have a third 
parallelogram ABG H equal to the parallelogram ABC D, 
by the foregoing propoſition; and alſo to the parallelogram 
EFGH; now two things equal to a third, are equal be- 
tween them ves; - wherefore the two parallelograms ABC D, 
EFGH, are equal. 1 Ec. * 


5. That every inclined * een is equal 10 4 rack 
web of the ſame baſe ne 400 and height with it; ſo that its ſurface 
will be had in the ſame manner, i. e. by multiplying its baſe 
by its height. 

16. Triangles that have equal baſes and equal heights, or 
that are between the ſame parallels are equal; 
Let the triangles ABC, DEF, have equal baſes AB,DE, | 


and' be between the fame parallels A F, CH, we ſay, they 
are equal. 

For drav- * lines BG, EH, RP) to:the ſides A C, D 6. 

and they will make the perallelograms ABGC, DEHF, 

| which. 
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which are equal by the foregoi tion; but the tri- 
angles ABC, DEF, are the halves of theſe parallelograms, | 
becauſe the diagonal CB, EF, divide the parallelograms 
into 2 equal parts; wherefore they are equal. There 
fore, GMO. 
- 17. So that in r to get the ſurface of a ri ight angle 
triangle, you muſt — y. the two ſides A make the 
right angle together, then take half the product for the 
ſurface; but if the triangle be not right angled, multiply 
the baſe by the height, and take the Jalf of that product. 
Or elſe multiply the baſe by half the height, or the height 
by half the baſe. 
18. Whence it follows, that a triangle is equal to a pa- 
rallelogram when its baſe is equal to that of the parallelo- 
gram, and its height double the height of the parallelogram, 
or elſe the height being the ſame, its baſe be double chat 
of the parallelogram; and laſtly, that triangles are halves of 
yy of the ſame baſes and heights. | 
. A Trapezium is equal ta a triangle whoſe baſe is @ 

line . to the two parallel fides of the trapezium, and its 
height the perpendicular drawn between thoſe ſides. 

Prolong the baſe A B of the trapezium ABCD indefi- Fig. 84. 
nitely towards E, then draw the diagonal DB, and from 
C draw CE parallel to DB, which will cut AB prolonged 
to E, then draw the line DE; now becauſe CE is paral- 
lel to DB, and DC to BE, BECD will be a parallelo- 
gram; therefore BE is equal to DC, and the triangle 

AED will have for intake. a line AE equal. to the two 
parallel ſides of the trapezium, and its 5 will be the 
perpendicular D F. drawn between the parallel fides of the 
trapezium; then this triangle is _ to the trapezium 
AB C D.. CEP 


For- | 
| 
t 


—4 


tra 


Fig. 85. 


jum 
ABCD and the triangle ADE, and the triangle DBC, 
which completes the trapezium, is equal to the triangle 
DBE, which completes the triangle ADE, becauſe or 
are upon the ſame baſe DB, and between the ſame paral- 
lels DB, CE; therefore the triangle AED is 3 to the 
pezium ABCD. Therefore, &c. 

20. It follows from this propoſition, that in order to 
have the ſuperficies of a trapezium, you muſt multiply the 
ſum of both its parallel ſides by the half of its altitude, or 
elſe, the half of the ſum of its two parallel ſides by its 
altitude; ſo that a trapezium is equal to a parallelogram 
chat has for its baſe the half of the ſum of its two parallel 
{ides, and for its altitude the ine drawn between 
thoſe ſides. 

21. Every 7 quadrlacral being being divided into two triangles 
by its diagonal, in order to get the ſuperficies of any irre- 
5 ular quadrilateral, ſuch as ABCD, draw the di 

les 


B, and find the ſuperficies of each of theſe triangle 
ABD, PBC, made by the diagonal and the fides of the 
quadrilateral; this is done'by taking the diagonal BD for 
the baſe of each of theſe triangles, and drawing the per- 

diculars AE, CF, from the points A and C to BD, 
being the heig hts of the triangle ABD, DBC; by which 


ADB is common both to the trapes 


(461 
For the triangle 


means the furfaces of each of theſe triangles will be had 


according to the foregoing rules, and the ſum of them 
will give you the ſurface of the quadrilateral ABCD. 

22. A regular polygon is equal to a triangle whoſe baſe 
is @ line equal to the ſum of all the fides of the polygon, and 
whoſe height is its dire radius, or, which is the ſame 
thing, à perpendicular drawn from the center * the po- 


Iygon to one of its * 


For 
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For all regular polygons, as ABDEF, may be divided Fig. 86. 1 
into as triangles as they have ſides, by drawing 
oblique radius s, CA, CB, Ce. from their center C; all 
theſe triangles, CAB, CBD, Sc. are equal, the given 
polygon being regular. Wherefore its ſurface will be equal 
to that of as many triangles (each of them equal to the 
triangle ABC) as the polygon has ſides. Now if you 
lengthen the fide AB towards L, and take BH, HI, IK, 
Sc. equal each of them to the baſe AB of the triangle 
ABC, ſo that the fide AL be equal to the ſum of all the 
fides of the polygon ABDEF, and if you draw the lines 
CH, CI, &c. you will have all the triangles ABC, BHC, 
HIC, &c. equal, as having each of them equal baſes and 
a common altitude C G. Therefore the triangle ACL will 


conſiſt of as many equal triangles as the given polygon, and 
the ſum of theſe triangles will be equal to the ſum of thoſe 
of the given polygon; therefore the triangle ACL will be 
ual to the polygon ABDEF. Now to get the ſurface 
this triangle, multiply the baſe AL by half the altitude 
CG. This baſe is the ſum of all the ſides of the polygon, 
and CG is its direct radius. Therefore to get the ſurface of 
a regular polygon, multiply the half of the fum of the ſides 
by the direct radius, or elſe the ſum of the fides by the half 
of that radius. 

23. It follows from this propofition, that a circle it Fig. 87. 
equal to a triangle ABC, whoſe baſe is a line A B, equal 
to the cir ence of the circle, and its altitude its ra- | 
P 

For the circle m ed as a on 
conſiſting of an infinite number of fides; 2 
muſt conſequently be infinitely ſmall; now according to 
this ſuppoſition, the radius of the circle becomes the direct 
radius of the polygon. But by the foregoing propoſition, 

A 
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— 


| [4] 
a regular polygon is equal to a triangle that has for its baſe 
the circumference of the polygon, and for its altitude its 
direct radius. Therefore, c. 1 15 
24. So that for the ſuperficies of the circle you multiply 
its circumference by half its radius, or the fourth part of 
its diameter. e Lu J ; 
The meaſuring of a circle, and of other curvilinear or 
mixtilinear figures, is called heir quudrature; becauſe theſe 
figures cannot be meaſured but by reducing them to recti- 
linear figures, whoſe common meaſure is the ſquare, 80 
that, to find the guadrature 7 the circle ſignifies no more 
than to find the ſuperficies of a rectilinear figure equal to 
the circle. But it has been juſt now proved, that a circle 
is equal to a triangle whoſe baſe is the circumference of 
the circle, and its altitude the radius; wherefore if the cir- 
cumference of the circle were truly known, we ſhould be 
able to ſquare it; but hitherto this line has not been found 
out with a geometrical preciſion, though it has been a fub- 
jet in which mathematicians have greatly exerciſed them- 
ſelves; and all the benefit ariſing from their labour is no 
more than the having methods whereby we may come nearly 
to the true proportion this line bears to the diameter of the 
circle; and theſe approximations are ſuch, that if the cir- 
cumference of the circle were intirely known, it would 
hardly produce a greater exactneſs in practice. Nay, 
the exacteſt ions are ſeldom made uſe of; that 
found by Archimedes, the famous geometrician of Syracuſa, 
who flouriſhed about 1950 years ago, being the only one 
which generally ſerves for common u 5 | 
25. According to this approximation, the diameter of a 
circle being divided into ſeven equal parts, the circumfe- 
rence will contain 22 equal parts, i. e. the diameter will be 
a little leſs than the third part of the circumference; ſo 
5 | that 


- 
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that * diameter of a circle is to its circumference nearly 


a8 7 to 22. _ 169 


As all: circles are Gmilar e this repoſition is the 


Fay in all circles; ſo that if the diameter of any circle be 


divided into ſeven: equal-parts, its circumference wilt ever 


contain/ 22 of thoſe your with a very minute difference 


only. I. 248 
26. It Galli Stn ende; * this: FEI) of a WA 


being known, its circumference - is found by the rule of © 
three. The two firſt terms will be always 7 and 22 ; the 


third, the given diameter; and the fourth, which comes 
out, will be the circumference required. For inſtance, ſup- 
poſe it were required to find the circumference of a circle 
whoſe diameter is 1 5 fathoms, place your terms in the fol- 
lowing manner; 7: 22:1 53 that is, 7 is to 22, as 15 is 
to a fourth term, which will come out 47 fathoms; which 
is che circumference of a circle whoſe diameter is 15 fathoms. 
27. If on the contrary, the circumference of the circle 
be given, ſuppoſe 60 fathoms, only reverſe the terms of the 
rule, and fay, '22:7:: 60: to a fourth term, which will 
be 19 (A i e.) K fachoms, for” the diameter of a circle 
whole ole circumference: is 60. fathoms. Thus, to find the 
diameter of the earth, or the diſtance dere is between that 
part of the world we live in, and that which is diametri- 
cally oppoſite to it, which is called 25e antipodes, ſup- 
poſing the earth quite ſpherical; and that its circumference 
be gooo leagues, ſay; 22:7 :: gooo leagues: to a fourth 
term, which = be 2863 mmer the diameter of the 
1 
A. en is this portion of a hele CAD: 3 


4 4 two radius's CA, CD, and an arch AD. A /ep- Fig 88, 
ment is a: part of a. circle ABD contained n ene 1 


9 AIRED"; 3 91 
i 29. The 
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Fig. 88, 


Fig. eg. - 


| ſurfaces of theſe figures 


go 1] 


7 


29. The fuperficies of a ſector is had by multiplying its 


arch by half the radius. For as the whole circle is equal 
to a triangle whoſe baſe is the eireumference, and height 
the radius, in the ſame manner a part of the circle con- 
tained within two radius's and an arch is equal to a tri- 


* whoſe baſe is that arch, and height the radius; now 


to find the ſuperficies of this triangle, you muſt multiply its 
baſe by half ber heche T be Ge. 1 wy 
30. Now in order to find the arch of a ſector, the ra- 
dius AC and the angle AGB being given, find out the 
contents of the whole circumference firft, whoſe radius is 
AC; and then by the rule of three, ſay, if 360 degrees, 
the whole circumference, give ſo many fathoms, how many 
fathoms will the degrees of the arch of the ſector give? 
the fourth term will give you the fathoms of the arch of 
the ſector A CB. | | | 
31. The ſurface of a ſegment ABD is had by firſt find- 
ing that of the ſector CAB D, and ſubſtracting from this 
ſurface that of the triangle CAD; it is evident, that the 
remainder will be the ſurface of the ſegment A BD. : 
32. In order to meaſure any irregular figure, divide it 
into parallelograms, triangles, trapeziums, nc. find the 
ſeparately, and then add them all 
together; their ſum will exhibit the ſuperficies of the given 


- "ns | 
The following propoſition is the famous 47th of the firft 


book of Euclid s Elements. They ſay it was found out by 


Pythageras, who ſacrificed an hecatomb, 5. e. a bundred 
oxen to the muſes, by way of an acknowledgment for fo 
great a diſcovery, And indeed it is of the greateſt uſe, as 
well in that part of geometry which is called common or ete- 
mentary, as in higher or ſublime geometry, in which the 
perties of curved lines are demonſtrated ; but in this 

treatiſe 
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treatiſe we cannot go chrough all the uſes of it; however, 
the propoſition itſelf ought to be known by every one that 
has the leaſt tincture of geometry; we ſhall therefore in- 
ſert it with its demonſtration ; but if it ſhould be thought 
unneceſſary by ſome, it may be paſſed over without any in- 
conveniency for the ſequel of this treatiſe. | 
33. In every righi-anghed triangle, the ſquare of the hy- 
pothenuſe (the line that ſubtends the right angle) is equal to 
the ſquares of the two other fides taken together. 


For, let the triangle A CB be right-angled ; the ſquare Fig. 90. 


AF made on the hypothenuſe A B, is equal to the ſquare 
CG made on the fide CB, and to the ſquare AM made 
on the fide AC, | wad 
From the top of the right angle C draw a perpendicu- 
hr CD to the fide EF, which will cut AB in L, then 
draw the lines CE, CF, AG, and BH; this being done, 
the perpendicular LD divides the ſquare. AF into two re&- 
angles AD, BD. The triangle AE C is half the rectangle 
AD, and the triangle FBC is half the rectangle BD. For 
they are upon the ſame baſe AE, BF, and are between the 
fame parallels, CD being parallel to each of thoſe baſes. 
For the ſame reaſon the triangle HAB is half of the ſquare 
HC, and the triangle GBA half of the ſquare BN. If 
therefore it be demonſtrated, that the triangle AE C is 
equal to the triangle HAB, it will follow that the rectangle 
AD will be equal to the ſquare AM; as alſo if the tri- 
angles BFC, GBA, are equal, the rectangle BD will be 
equal to the ſquare BN; now theſe two rectangles DA, 
DB, together, are the ſquare. of the hypothenuſe AB; 
wherefore we ſhall have the ſquare of this fide equal to the 
ſquares of the two other ſides. Now nothing remains 
but to prove the equality of thoſe triangles, which is done 


as follows. 


1 


1 2 The 
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The two trianples A EC, AHB, have their ſides A E 
and AB equal, being ſides of the ſame ſquare A F; their 
ſides AC and AH are alſo equal, being ſides of the 
ſquare A M; and their angles CAE, BAH, contained be- 
tween theſe ſides are equal, becauſe they are each of them 
made up of a right angle, and of the angle CAB com- 
mon to both; therefore theſe two triangles are entirely 
equal. In the ſame manner the two other triangles FB C, 
BGA, will be demonſtrated to be equal. 8 Ec. 

It follows from this n a] 

TL. 
34. That if the two fides C A, C B, of. a right-angle tri- 
angle, which make the right angle, be given, the hypo- 
thenuſe AB is found; for by ſquaring both thoſe ſides, and 
adding them together, the ſquare root of the ſum of thoſe 
two ſquares will give the hypothenuſe. 
I, hus ſuppoſing the fide A C to be three fathoms, and 

the fide CB four, add the ſquare of 3 which is 19, to the 
ſquare of 4 which is 16, and extract the ſquare root of 
their ſum, 25, which will be 5 fathoms for the length of 
the pig Burt 77; 

| 26. If inſtead of the two ſides which * the angle, 
the * pothenuſe and one of thoſe ſides were given, it is 
evident, that the other ſide is had by ſubſtracting the ſquare 
of the given ſide from the ſquare of the hypothenuſe, and 
extracting the * root of 10 remainder. 


36. That a ſquare may be made equal to two other 
* by taking a fide of each of theſe ſquares, and 
making them the Tides of a right- angle triangle; for the 
ſquare of the hy pothenuſe of this 8 will be n to 
the two other given ſquares. | 


That 
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That a ſquare may be made double, triple, quadruple, &. 
of another ſquate. For if a right- angle triangle be made in 
ſuch manner that each of the ſides which contain the tight 
angle be equal to the ſiqe of the given ſquare, the {quare 
of the hypothenuſe of this triangle will be double the given 
ſquare. And if you take the hypothenuſe of this triangle, 
and one of the ſides of the given ſquare for two ſides, con- 
taining a right angle in another right- angle triangle, it is 
evident, that the ſquare of the hypothenuſe of this triangle 
will be triple the given ſquare. In purſuing this method, 
you will have a ſquare ane, quintuple, &c. of ano- 
ther ſquare. 

37. This propoſition may alſo be male uſe of to erect 
a perpendicular on a given line at the extremity of that line. 


For inſtance, ſuppoſe a perpendicular was to be raiſed at Fig. 91. 


the extremity A of the line AB; take a part A x at plea- 
ſure, and lay it four times upon AB from the point A to 
the point 4; and from this point, as a center, with the 
diſtance.s of theſe parts, deſcribe the arch of a circle over 


A; then taking the point A for center, with the diſtance of 


three parts on A B, deſcribe another arch cutting the a 
in the point C, a line drawn from the point C to the poin 

A will be the perpendicular required. For draw the line 
C 4, the ſquare of this line, 25, will be equal to the 


ſquares 9 and 16 of the fides AC, A 4; therefore the tri- 


angle CA 4 will be a right-angle triangle, and the line C 4 
the hypothenuſe of this triangle; therefore the line CA will 
be perpendicular to. the line AB. 


IX. of ſolido. 


: ene conſidered with length, breadth, and depth, 
is called a body or ſolid, 


2. The 


| 
| 
| 
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2. The extremities of bodies are ſurfaces, as the extre- 
mities of ſurfaces are lines, and thoſe of lines are points. 
3. A line is perpendicular to a plane, when it makes 
right angles with all the lines of the plane on which it falls. 

4. Two planes are parallel, when all their perpendiculars 
drawn between them are equal. 

5. When two planes cut one another, or meet, they do 
it in a right line common to both planes; wherefore this 
line is called the common ſection of theſe planes. 

6. A plane is either perpendicular or oblique to another 
plane, according to the angle which perpendiculars make 

drawn on thoſe planes to their common ſection, through 
one and the fame point; thus two planes meeting one ano- 
ther, make only a plane angle; but if more than two planes 
meet in a point, as at the corner of a dice, they make an 
angle called a /olid angle. | 

7. A pyramid is a body bounded by triangles, whoſe 
tops meet in a point, and whoſe baſes make a plane recti- 
linear figure, which is called the baſe of the pyramid ; as 

Fig. 92. the body ABCDE, bounded by the triangles ABE, ABC, 
Sc. whoſe tops meet in the point A, and whoſe baſes make 
the quadrilateral B CDE. erte v7 oleh, 155 
8. The ſolid angle A of the pyramid is called its vertex, 
and the line AF falling perpendicularly from the vertex of 
the pyramid to the plane of the baſe, is the altitude of the 
pyramid. If the baſe of the pyramid be a triangle, it is 
called a triangular pyramid; if the baſe be a quadrilate- 
ral, it is called a guadrilateral pyramid; and fo on, accord- 
ing to the figure of the baſe, | 
9. If the baſe of the pyramid be a circle, it may be con- 
ſidered as bounded by an infinite number of ſmall triangles, 
which all together form a curve ſurface BAC; fuch a 
Fig 93- round pyramid is called a cone. | | 


10. The 
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10. The point A is the vertex of the cone, as in the py- 
ramid, and the line AD drawn, from the vertex A to D 
the center of the cone's baſe, is called its axis. When this 
line is perpendicular to the baſe, the cone is ſaid to be a 
right one; if otherwiſe, oblique; and its height like the 
pyramid's is meaſured by a perpendicular | let down from the 
_ vertex to the bale. 


1, The line AB drawn from A the vertex of the cone 
to a point B in the circumference of the baſe is called 20e 
ide of the cone. | 
12. If the upper part of the pyramid or cone be cut off, 
the pyramid or cone is {aid to be rruncated. 
13. A priſm is a ſolid, the plane of whoſe baſe and that 
of its top are parallel, equal, and ſimilar, and which is 


bounded on the other ades by parallelograms. As is the Fig. 94. 


ſolid A G, whoſe baſe is the quadrilateral A BCD, me 
and ſimilar to the quadrilateral EF GH, and whic 
bounded on all the other fades by the parallelograms 
ADFE, ABHE, ec. Otherwiſe a priſm is a ſolid that 
has two oppoſite fides parallel, equal, and. ſimilar, and its 
other ſides parallelograms. 
14. If the baſe of a priſm be 8 it is called a 
triangular priſin; if it be a quadrilateral, a quadrilateral 
ws and fo on, according to the polygon of the baſe. 
If the baſe of the priſm ſhould be a parallelogram, 
it will then be bounded on all ſides by parallelograms, and 


it is then called a parallelipiped. 


16. If the baſe of the priſm be a circle, this and the Fig. 95. 


ſuperior circle will be joined together by an infinite num- 
ber of ſmall parallelograms which form a curve ſuperficies, 
and ſuch a folld is called a cylinder. You may imagine a 

cylinder by a column par great from top to bottom, or 
elſe by a number of draughtmen laid «pally one upon the 
other. 17. The 
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17. The line AB, drawn from A the center of the ſu- 

perior circle of the cylinder, thro' B the center of its vaſe, 
is called the axis of the cylinder. 

18. Priſms, parallelipipeds, and cylinders, are ther Ker 
or oblique ; they are right when the planes which join their 
baſes make right angles with them; if otherwiſe, they are 
oblique; and then their height is meaſured by a perpendi- 

. cular drawn from the plane parallel to the baſe upon that 
of the baſe, lengthened out, if it be neceſlary. 

Fig. 96. 19. A ſphere, or a globe, is a ſolid bounded by one 
curve ſurface, whoſe points are all of them equally 
diſtant from one point C in the ſolid, which is called 
its center. | 

Fig. 97. 20. You may imagine a hve or a gebe to be gene- 

rated by the motion of a ſemi-circle ADB round its _ 

\ | meter AB'; ang then it will be igen, 210 8 | 

| I. 

That C the center of the ſeri-circle A B D is the + center 

of the here allo.” | | 


That all . as cp, CF. draws Ft . the den 
of the ſphere, to its faperficics; are equal. Theſe lines are 
called aura or 4 gps yh of the org 


That all links as AB, E F, drawn through c, the 
center of the ſphere, and Which terminate at either end in 
its ſuperficies, are equal, being only two equal radius's. 
Fheſe lines are called he diameters f the ſphere. Among 
theſe diameters, the diameter A B, on which you ſuppoſed 
the ſemi-circle AD B to be moved: for the generation of 
the ſphere, is called 7s avi,; ſo that the axis of a i phere 
or globe is always one of its diameters. The extremi- 
ties A and B of the axis ef the ſphere, are called its 
poles. 4. That N 


C $7] 


That all lines as GH, by the motion of the ſemi- 
circle ADB, deſcribe circles parallel to one another, and 
ndicular to the axis A B; and they are called parallel 
circles. The greateſt of thoſe circles is that which is made 
by the radius DE, which is — diſtant from the poles 
A and B. | 


5. 
That all parallel circles deſcribed by the lines GH, K * 
which are equally diſtant from the poles A and B, are equal. 
6. 


That every circle ADBFA, which paſſes through C 
the center of the ſphere, divides it into two equal parts. 
For, if inſtead of imagining the ſphere to be made by the 
motion of the ſemi- circle ADB, you ſuppoſe it to be 
made by the motion of the whole circle ADB FA about 
its diameter AB, it is eaſily perceived, that as the ſemi- 
circle ADB gets into the place of BFA, the ſemi-circle 
BFA will in the ſame manner get into the place of ADB; 
ſo that whilſt the ſemi-circle ADB deſcribes one half of 
the ſphere, the ſemi-circle BFA will deſcribe the other 
half; therefore the - ſphere will be divided into two equal 
parts by the circle, ADBFA. Therefore, Sc. 

21. All circles which paſs through the center of the 
ſphere, and which conſequently divide it into two equal 
parts, are called great circles of the ſphere, and are all equal. 

Other circles which cut the ſphere without paſſing thro 
its center, are called /eſer circles; fo that it is manifeſt from 
what has been ſaid, that leſſer circles divide the {phere i into 
two unequal parts. 

22. A Zone is that part of a ſphere which is contained 
between two of its parallel circles, ſo called from its being 
a kind of belt or girdle going round the ſphere. 

23. Beſides 
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23. Beſides the bodies which we have defined, there are 
Gve others which are called regular, becauſe ws = 

bounded 'by regular, fimilar, and equal figures. Theſe 


ſolids are otherwiſe known by the general name of the five 
Platonic bodies. 


* The nen or *. n terminated by 
four equilateral triangles. 


The Bexabedron, or cube, — by fix "Ren This 


is is repreſented by a common w_— 


- "The offabedron, eme by eight equilateral highs 


e dodecabedron, terminated by twelve r 


5. 
The icgſabeulron, terminated by twenty equ lateral tri- 
angles. | 
| 14) 4. There are no more than theſe five regular bodies, 
and it will be plain from the following demonſtration that 
there can be no more. 

Three plane angles at leaſt are required for the making 
of a ſolid angle, and let the number of plane angles which 
make this ſolid angle be what it will, their fum muſt be 
leſs than four right angles, or 360 degrees; for it is plain 
that if theſe angles become equal to four right angles, the 
ſolid angle vaniſhes or diſappears. Now in order to make 
a regular'body, it muſt be done by regular figures, and 
there muſt be three angles of thoſe figures at leaſt taken 
for the making of a 2 angle, * theſe muſt be leſs 
than four right angles. Now the angles of an equilateral 


triangle 
* The figures of theſe five ſolids are omitted, for they are not eaſily to be ap- 


thended by being drawn on paper; it is requiſite to have them made in wood. 
28 or the like. * 
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triangle are each of them equal to 60 degrees, you may 
therefore make a ſolid angle by putting three of thoſe angles 
together, and it will. be that of the regular pyramid. You 
may alſo make a ſolid angle with four of them, and it will 

be that of the octahedron; or with five of them, and it 
will be that of the icoſahedron; but fix of them are equal 
to 360, or four right angles; therefore you cannot make 
a ſolid angle with fax angles belonging to equilateral tri- 
angles; therefore theſe triangles cannot ſerve in this caſe 
but for. the making of the regular pyramid, the octahedron, 
and the icofahedron. 

Four angles of a ſquare cannot make a ſolid angle, and 
therefore you can make one but with three only, which js 
that of the cube. 

The angle of the circumference of a regular pentagon is 
108 degrees, three of theſe angles make 324; ſo that they 
are leſs than four right angles, or 360, and conſequently 
may make a ſolid angle, viz. that of the dodecahedron ; | 
but four of theſe angles exceed 360 degrees ; therefore you 
cannot make-any other ſolid angle with the angles of pen- 
tagons, but that of the dodecahedron. 

The angle of the circumference of an hexagon is 1 20 de- 
grees, three of which make 360 or four right angles; conſe- 

ently you can make no ſolid angle with them. The angle of 
S circumference of regular polygons above the hexagon, is 
greater than that of the hexagon; therefore you cannot make 
a ſolid angle with the angles of any of thoſe polygons. There- 


fore, Sc. on 
Lat ot eee. 
25. To let fall a perpendicular upon a. plane, from a point 
without the plane. 
Let the point A be out of the plane FG upon which the Pig. 98. 
perpendicular is to be drawn. Put one foot of your com- ; 
=- e paſſes 
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paſſes upon A, and with the other mark three points B, D, E, 15 


in the plane FG; then find the center C, of a circle, 
whoſe circumference will go through theſe three points; 
draw the line AC, and it will be the perpendicular re- 
quired. 935 | fv" 1 * 
For, by the conſtruction, the point A and the point C are 
each of them equidiſtant from the points B, D, E; there- 
fore the line AC does not incline more on one fide than 
on the other towards the plane FG; wherefore it will make 
right angles with all the lines drawn on this plane, which 
go through the point C. Therefore, G . 

26. From a point given in à plane, to raiſe a perpendi- 
cular to the plane. or Depot Bac Tre 
In order to do this, you muſt make uſe of a ſquare, which 
is an inſtrument compoſed of two rules made of copper, 
iron, or wood,. which are joined together in a right angle. 
Lay one of theſe rules on the plane, fo as that the top of 
the right angle of the ſquare be upon the given point, and 
a line drawn from that point along the other rule will be 
the perpendicular required, 


x. 0 F the meaſure of the ſurfaces of bodies. 


1. As bodies of which we have juſt now treated; are 
bounded by ſurfaces whoſe dimenſions are found in the ar- 
ticle of planimetry, it follows, that the furface of theſe bo- 
dies is eafily had by taking that of all the figures by 
which they are bounded. We muſt only obſerve, 

2. That as a cylinder may be conceived to be bounded 
by an infinite number of ſmall, equal parallelograms, having 
all their baſes and altitudes equal, all theſe parallelograms 
will be equal to a parallelogram whoſe baſe is equal to all 
their baſes, i. e. the circumference of the baſe of the cylin- 


der, 


— 
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der, and whoſe height is the height of theſe parallelograms, 


which is that of the cylinder; now the ſurface of a paral- 
lelogram is meafured by multiplying the baſe into the 
height; therefore the ſurface of a cylinder, excluſive of its 
baſes, is meaſured by multiplying the circumference of its 
baſe into its height, © _. 8 . | 
3. You may in like manner conceive the ſurface of a 
right cone to be made up of an infinite number of ſmall 
equal triangles, whoſe tops are united in that of the cone; 
now imagine all theſe triangles to be taken off the cone and 
laid flat on a plane, they will make a ſector whoſe radius is 
the fide of the cone, and whoſe arch is the circumference 
of the baſe of the cone; now the meaſure of the ſector's 
ſurface is had, by multiplying its arch by half its radius; 
therefore the meaſure of a cone's ſurface is had by multi- 
plying the circumference of the cone's baſe by half its fide. 
4. If a right cone be truncated, ſo that its upper part 
be cut off by a plane perpendicular to the axe of the cone, 
then all the little triangles that were conceived to form the 
ſurface of the cone will be changed into as many trape- 
ziums, which, taken all together, will be equal to one tra- 
pezium, whoſe height is what remains of the fide of the 
cone, and whoſe parallel ſides are the circumference of the 
baſe of the cone and that of the truncated part. Now a 
trapezium is meaſured by multiplying the ſum of its two 
parallel fides by half of its height ; therefore the ſurface of 
a right truncated cone is meaſured by multiplying the ſum 
of the circumference of its baſe, and of that of the trun- 
cated part by half of the fide which is between its baſe and 
that part. 5 | 
As the following propoſition, and ſeveral others in the 
following article, cannot be demonſtrated without other 
propoſitions that we thought proper to omit for brevity ſake, 
we 


Fig. 99. 


E 
62 
we ſhall not therefore here attempt it; but they may be 
taken for granted, and recourſe may be had to books where 
they are demonſtrated, if they are not to be admitted but 
under the force of evidence. | 
5. The ſurface of a ſphere is equal to that of a cylinder, 
exclufrve of its baſes, whoſe baſe is a great Circle of the 
ſphere, and height its diameter. | 
The ſurface of a cylinder, excluſive of its baſes, is mea- 
ſured by multiplying the circumference” of its. baſe by its 
height; therefore the ſurface of a ſphere.is meaſured by mul- 
tiplying the circumference of a circle whoſe diameter is that 
of the ſphere by this ſame diameter, i. e. a great circle of 
the ſphere by its diameter. _ | 
6. Thus, to meaſure the ſurface of the earth, multiply 
the circumference of its great circle, which was found to be 
gooo leagues, by its diameter, which was alſo found to be 
2863 leagues, and the product of theſe two numbers 
(25,767,000 ſquare leagues) will be the ſurface of the whole 


terreſtrial globe. 


XI. Of Pereometry, or the meaſuring of ſolids. 
1. Solids are meaſured by leſſer ſolids, as furfaces are by 
other leſſer ſurfaces. Now as the ſquare is the meaſure of 
ſurfaces, ſo is the cube that of ſolids; ſo that as we made 
uſe of ſquare fathoms for the meaſure of furfaces, we ſhall 
make uſe of cubic fathoms for meaſuring of bodies. | 
2. A cubic fathom is a cube bounded by fix ſquare fa- 
thoms, and a cubic foot is a cube bounded by fix ſquare feet; 
and a cubic inch is a cube bounded by fix ſquare inches, &c. 
3. The ſolidity of a right parallelipiped is equal to the 
product of the baſe multiplied by the height. | 
Suppole the parallelipiped AF; in order to prove that its 
ſolidity is equal to the product of the baſe DC F E, multiplied 


by 
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by the height DA, you muſt imagine the ſolid to be made 
up of as many figures equal and fimilar to the baſe DCFE 
as there are points in its height DA ; now to get the ſum of 
all theſe figures, that is the ſolidity of the parallelipiped A F, 
it is plain you muſt multiply DF by DA. Therefore, &c. 
If the fide DE of the rectangle DF be five fathoms, and 
the fide DC 4, the ſurface of this rectangle will be 20 ſquare 
fathoms. If you divide the rectangle into 20 ſquare fathoms 
by parallels to the fides DE, DC, and imagine planes to be 
drawn through all thoſe parallels perpendicular to the rect- 
angle D F, thoſe planes will divide the whole ſolid AF into 
20 parallelipipeds, each of which will have for its baſe a 
ſquare fathom, and its height the line DA, which is here 
ſuppoſed to be ſeven fathoms. Then ſuppoſe that at the ex- 
tremity of each of the fathoms of the fide DA, planes be 
drawn parallel to the rectangle DF, thoſe planes will divide 
each of thoſe 20 parallelipipeds of which AF is made up 
into ſeven cubes, each of them a cubic fathom ; fo that, in 
the whole parallelipiped AF, there will be 20 times as many 
cubic fathoms as there are fathoms in its height DA; hence 
it appears, that in order to have the number of cubic fa- 
thoms of which AF is made up, you muſt multiply the ſur- 
face of its baſe DF by its height D A. But that number of cu- 
dic fathoms is the ſolid of the parallelipiped. Therefore, &c. 

4. If the baſe DF of the parallelipiped AF is a ſquare, 
and its height DA be equal to the fide DC of that ſquare, 
it is evident that the parellelipiped AF will be a cube, and 
its ſolidity will be had in the ſame manner by multiplying 
its baſe DF by its height DA. 

5. It follows roms, aſe that a ſurface multiplied by a 
line gives a ſolid. Now every ſurface may be conſidered as 
the product of two lines; therefore the product of three 
lines, or of three numbers, each of which expreſs the quan- 
uty 


> 
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tity of one of thoſe lines, will always give the ſolidity of a 
parallelipiped whoſe baſe is the product of two of thoſe 
lines, and whoſe height is the third. 

6. If thoſe three lines are equal, the numbers that ex- 
preſs them will be equal too, and their product will be a cube. 
5. Therefore, the cube of a line, or of a number that 
ſtands for that line, is had by multiplying that number firſt 
by itſelf, which will give its ſquare, and then multiplying 
the ſquare by the ſame number. | i 

8. Thus, the common or linear fathom being fix foot is 
cubed firſt by multiplying 6 by 6, whoſe product is 36, the 
number of ſquare feet in a ſquare fathom, as has been ſhewn 
in the article of planimetry; then multiply 36 by 6, and the 
product, 216, is the cube of 6, or the number of cubic feet 
in a cubic fathom. We ſhall find, in the ſame manner, 
that the cubit foot contains 1728 cubic inches. 

9. Rigbi or oblique parallelipipeds, whoſe baſes and heights 
are equal, are equal. | 
For, according to the foregoing propoſition, parallelipi- 
peds may be conſidered as made up of an infinite number 
of parallelograms equal and fimilar to their baſes; now 
whether they be right or oblique, they will be made up of as 
many parallelograms as there are points in their heights ; 
therefore the ſolidity of oblique parallelipipeds will be found 
in the ſame manner as that of right parallelipipeds, that is 
to ſay, by multiplying its baſe by its height. * 

10. The ſolidity of @ right priſm is equal to the producł 
of its baſe by its height, 

For the priſm may be conſidered as made up of an infi- 
nite number of ſurfaces equal and ſimilar to the baſe, and 
laid exactly on one another; now according to this ſuppoſi- 
tion, there will be as many figures in the priſm as there are 
points in its height; therefore to have the ſum of all thoſe 

figures, 
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figures, that is, the ſolidity of the priſm, n muſt * 
** its baſe by its height. | 
From this -ofolition it follows, 
| Firſt, That priſms, whether right or oblique, having the 
ſame baſes and heights, are equal, and that therefore the 
ſolidity of all priſms in general may be tound by multi- 
plying their baſe by their height. 
Secondly, That as a cylinder may be conſidered. as a 
priſm . an infinite number of ſides, cylinders, whether 
right or oblique, having the ſame baſes and heights, are 
equal, and that their folidities are to be found in the ſame 
manner as thoſe of priſms, that is, by multiplying their 
baſes by their heights. 
11. Right or oblique pyramids, havs ng 1 * and 
heights, are equal. 
I2. A cone may be conſidered as a pymmid of an infi- 
nite number of ſides, thus, cones right or oblique, 1 
hers baſes and heights, are equal. 
3- Every pyramid is the third part of a priſm gba 
er * ſame baſe and height as the pyramid. Now the 
ſolidity of a priſm is had by multiplying its baſe by 
its height; therefore to have the ſolidity of a pyramid, 
you muſt multiply its baſe by the third part of its 
height. 
14. Every cone is the third part of a cylinder that has the 
fame baſe and height as the cone; ſo that as the ſolidity of 
a cylinder is had by multiplying its baſe by its height, you 
muſt for the ſolidity of the cone multiply its baſe into the 
oy Las of its height. - 
If the pyramid or cone be truncated, by means of a 
Ma parallel to their baſes, firſt find what their ſolidity 
would be, if they were whole or entire, then find the ſo- 
os of the part cut off; then ſubſtract this from the firſt, 
| 


and 
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and the remainder will be the ſolidity of the truncated py 
ramid or cone. . 

It is here taken for granted, that the height of the 
whole pyramid or cone is known; but this height may be 
found with exactneſs enough for practice, if the pyramid 
or cone be not high, by laying two long rules on two ſides 
of the pyramid or cone. Theſe rules will repreſent the two 
ſides of theſe ſolids prolonged, and muſt meet in a point, 
which will be the vertex. From that point drop a perpendi- 
cular on the baſe of the part cut off; this perpendicular 
will be its height; tlien meaſure the truncated pyramid or 
cone, according to the method juſt now delivered. 

16. If the truncated pyramid or cone are very high, the 
height of the part cut off may be found in the fol- 
lowing manner. | 
Motte, All that is delivered here of a truncated cone is 
alſo applicable to a truncated pyramid. Weitra 
Fig. 100, Let AB CD be a truncated cone, ſuppoſe it to be entire 

or whole, and then its fides AD, BC, will meet in the 

point 8. The perpendicular SP let down from thence to 

the baſe will be its axis. From D draw DR alfo n- 
dicular to the baſe, and theſe two perpendiculars 8 P, DR, 
will complete two right angled ſimilar triangles A RD, APS; 
the ſides AR, RD, of the triangle ARD will be known; 
for AR is the difference of the radius's DQ and AP, 
which may be meaſured, and RD is the height of the 
truncated cone; which may be found by the method of 
finding an inacceſſible height CD, fg. 54. The fide AP 
of the triangle APS is alſo given; ſo that comparing the 
homologous fides of theſe two ſimilar triangles together, 
you will find the height of the axis PS by the rule of 
three, in the fame manner as the height AB was found, 
fig. 55. For the triangles ARD, APs, being fimilar, 

_— AR: 
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AR:RD::AP:PS, So that PS being known, take off 
PQ or RD, the remainder QS will be the height of the 
axis of the part cut oft DSC. For inſtance, if the radius 
AP be three fathoms, and the radius DQ one, AR will 
be two "7s if RD or W eight fathoms, it will be 
as 2: : PS, i. e. 12; which, if you ſubſtra& 
RDo d, char in, . e che e will bo 
four thorns for the height Q. 

7. If the cone ſhould be oblique, che two perpendicu- 
lars DR, SP, would ſtill complete two right angled ſimi- 
lar triangles, by means of which we may come at the 
knowledge of $Q the height of DSC, the part cut off; 
this is done by comparing their homologous ſides as above. 

18. A ſphere is two thirds of a cylinder, whoſe baſe is @ 
great circle of the Jphere, and height the diameer of that 
circle. 


The folidity of this cylinder is had by EPR its 
baſe into its height, i. e. the plane or area of a great 
circle of the ſphere by its diameter. Now ſince the ſphere 
is two thirds A this cylinder, you muſt, in order to know 
its ſolidity, farſt find 1 the area of its great circle, and then 
multiply this area by two thirds of the diameter, or, if 
you will, by the whole diameter; but in this caſe the ſo- 
lidity of the — will only be two thirds of the product. 

For inſtance, if you would find the ſolid contents of 
the whole earth, firſt get the area of its great circle, by 
multiplying its circumference (goo0 leagues) by half the 
radius or the fourth part of the diameter (71 5: leagues; ) 
then multiply this area (6441750 ſquare leagues) by the 
diameter of the earth (2863 leagues) and ſubſtracting 
from the product (1 8,4.4.2,7 30,250) you will have the ſo- 
lid contents of the whole terreſtrial globe, 1 2,29 571 5 3550⁰ 
cubical leagues. 

1 2 Solids 
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Solids or bodies which differ from thoſe we have given 
the method of meaſuring may be meaſured by conſider- 
ing them as being compoſed of parallelipipeds, priſms, 2 
ramids, &c. according to the form and figure of the 
dies; and the fum of the ſolid contents of theſe bodies 
ety make up the ſolidity of the whole body. 

Follow bodies are meaſured as if they were full, .with- 
out taking notice of their cavities; then meaſure the ca- 
vities alone, and ſubſtracting from the former, what re- 
mains will be the ſolidity of the hollow body. As for 
example, bricklayers work in a well, is meaſured by con- 
ſidering the well as being full, and meaſuring it accord- 
ingly. Then meaſure. the empty part, and ſubſtract it from 
the former, the remainder will be the meaſure of the brick- 
layer's work. | 

Very irregular bodies may be meaſured. by putting 
them -into ſome regular veſſel or other, whoſe vacuity 
may be meaſured. Fill this vefſel up with water, then 
take out the body whoſe ſolid contents you are ſeek- 
ing for. It is evident that there will be a vacuity at the 
top of the veſſel equal to the capacity or ſolidity of the 
body taken out; wherefore the ſolidity of this body is had 


by meaſuring the vacuity in the upper part of the veſſel. 
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SUPPLEMENT, 


Contain; ng the properties of tangents, and the meaſure of 
angles whoſe tops are in the 2 of the circle. 


1. All lines, as BD, perpendicular to the be CA at Fig. 101. 
the extremity of it, touches the circle: in one fingle point only. 

If from this center C of the circle, a line CL be din 
to the line BD, the radius CA. being perpendicular to 
BD, CL, will be oblique to it, and conſequently greater 
than the perpendicular CA ; therefore the * L will be 
out of the circle. Me Sc. 
Whence it follows, that the tangent BD touches the bind 
only in a ſingle point A; that if through this point to the 
center C of the circle, the radius CA be drawn, it will be 
perpendicular to the tangent BD, and therefore a tangent to 
a circle may be drawn by raiſing a perpendicular to the ra- 
dius at its extremity. And laſtly, that if from the point of 
contact a perpendicular to the tangent be raiſed, it will £9 
through the center of the circle. 

The fifth problem of the fourth article, fig. 34s may be 
3 from this propoſition. For if lines be drawn 
from the points taken for centers in the line A B, to the points 
where the line CD touches the arches, theſe lines will be 
equal, being radius's of equal circles. Further, they will each 
of them be perpendicular to the line CD by the propoſi- 
tion we have juſt now demonſtrated ; now perpendiculars 
between parallels, are equal; therefore by the definition of 
parallels, the lines AB, CD, will be parallel. 

2. I from the center C of a circle a perpendicular C E be Fig. 103, 
let fall on a chord AG, it will divide it into two equal parts 
in E; and being prolonged, it will alſo divide the arch AFG © 
which rhis chord ſubtends, into two equal parts in F. | 

The 


Fig. 101. 


[90] 


The point C is equidiftant from the points A and G, theſe 
villa 4 in the circumference of the cirde of which C is the 
center; and the line CE being perpendicular to CA, all i its 
fwints will be equidiſtant from the points G and A. There 
fore the point E is the middle point of the line G A; the 
point F alfo is by the ſame reaſon equidiſtant from the 
points A and G; "therefore: ite the . point — the ver 
AFG. Therefore, 3 PEEL 
Af inſtead of producing dicular CE owned, it 
were produced towards tue . arch, it is evident that 
it will likewiſe cut this arch into two equal acts, ' * 7! 

It follows from this propoſition, that 11 from the center C 
of a circle, a line CE be drawn which divides the chord 
AG into two equal parts, it will be perpendicular to the 
chord AG; and that if a line FE cuts the chord AG per- 
pendicularly into two equal parts, it will paſs through the 
center of the circle, if it be produced within the circle. 

Note here, that the chord A G equally belongs to the two 
arches AFG, AHG, as it ſubtends them ww. but it is 
uſually conſidered to belong to the leſſer arch, that i is, to 
that which is leſs than the ſmi-circumference, which in 
this caſe is AFG. 

3. An angle, as BAG, made by à tangent BA and A 
chord AG, is meaſured by half of 2he arch AFG, which 
the chord ſubtend:. 

From the center C draw CF ar to the chord 
A G, which will divide this chord, with its arch, into 
two equal parts in the points E and F; then draw the radius 
AC, and the triangle CE A will be a rectangle; and there- 
fore the two angles ECA, CAE, taken together, will be 
equal to one right angle. The radius C A being perpendicu- 
lar to the tangent BA, the whole angle CA is right; and 
therefore the angles EA B, EA C, together, ate equal to one 
right one; now ſince the angle EAC, added to each of 


theſe 


RA 


theſe angles BCA, E AB, reſpectively makes a right angle, 
it follows from thence that theſe two angles are equal. 
But the angle ECA or FCA is meaſured by the arch AF, 
half of the arch AG; therefore the angle BAG, which is 
equal to it, will be meaſured by the ſame arch AF. There- 
fore, & So. | 
It follows from this propofition, that the angle G A D made 
by the chord G A, and the tangent AD, is meaſured by half 
the arch GHA; for BAG and GA being equal to two 
right ones, will be meaſured by half the circumference. 
Now the angle BAG is meaſured by half the arch GFA; 
therefore the angle GAD will be meaſured by half of what 
remains of the circumference, which is the arch GHA. 

4. The angle GAH, whoſe top A is in the cireumfperence Fig. 101. 
of a circle, is meaſured by half the arch GH upon which it 
fand. | | | 
For let the tangent BAD be drawn, and yon will have 
thoſe three angles, BAG, GAH, HAD, equal to two right 
ones; they will therefore be meaſured by half of the whole 
circumference. Now, by the foregoing propoſition, the angle 
BAG is meaſured by half the arch AFG, and the angle 
HAD by half the arch AH; therefore there remains for 
the meaſure of the angle GAH half of the arch GH 
upon which it ſtands. Therefore, &c. - . 

It follows from this propoſition, 

Fir/t, That all angles whoſe tops are in the circumfe- 
rence of the circle, and which ſtand upon the ſame arch, 
are equal. £5 

Secondly, That of thoſe angles whoſe tops are in the cir- 
cumference of the circle, that which ſtands upon an arch 
leſs than a ſemi-circumference, is acute; that which ſtands. 
upon the circumference, is a right angle; and that which 
ſtands upon. an. arch greater than the ſemi-circumference,. 


is obtuſe. 
Thirdly,, 


t 
Fig. 101. Thirdly, That the angle G CH, whoſe top C is at the cen- 
ter of the circle, is double the angle GAH, whoſe top is 
$4 at the circumference, and which ſtands upon the ſame arch, 
for the angle G CH is meaſured by the whole arch GH; 
and the angle GAH is meaſured by the half of it only. 
By the help of this propoſition a perpendicular to a line 
may be drawn at its extremity without prolonging the line. 
Let AB be the line to which you are to draw a perpen- 
Fig. 102. dicular at the point A; take any point C without the line, 
but fo as that placing one foot of the compaſſes upon this 
point, you may extend the other to the point A; then 
: taking C for a center, with the diſtance CA, defedibe a 
circle which may cut the line AB in D; then draw a line 
through C and D which {ſhall cut the circle in E, and the 
line EA will be the perpendicular required. For ſince the 
line DE paſſes through the center C, it is the diameter of 
the circle, and cuts it and the W into two equ al 
parts; ſo that the angle EAD, whoſe top is in the cir- 
cumference, ſtands upon the ſemi- circumference; there- 
fore it is a right angle; therefore the line EA is perpendi- 
cular to AB.. 
And thus we have laid down in the foregoing ſheets ſuch 
| Elements of Geometry as are anſwerable to the dengan. of 
1 this ſhort treatiſe. 7 | 
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FORTIFICATION 


ti. 


THXTRODUGCTION 


Concerning the Dz #1N1T1ONs, ORIGIN, and ProOGREss of 
| FoRTIFICATION. 


ORTIFICATION, taken in its moſt 
extenſive ſignification, is the art which 
teaches the Structure, Attack, and De- 
Pence of a Portreſs. 

N The deſign of Fortification is to enable 
a ſufficient number of men to defend a 
place they are ſhut up in againſt the at- 
tacks of a more powerful enemy. 

Till the invention of cannon, there were no other me- 
thods practiſed to ſtrengthen cities, than thoſe of ſurround- 
ing them with walls, round and ſquare towers being raiſed 
at proper diſtances; but the terrible effects of theſe thun- 
dering machines rendered it neceſſary to change the ſtruc- 
ture of the ancient walls, and add ſo many things thereto, 
that thoſe changes were thought ſufficient to conſtitute a 

7 | new 


2 


* % 
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new art, which was called Fortification, by reaſon of the 
ſtrength it afforded thoſe in cities or tow ng to defend them- 
ſelves againſt an enemy. 

The moſt ſimple idea we can conceive of Fortification in 
its earlieſt times, is the ſame we are apprized of from tra- 
vellers concerning the manner in which the Indians of ſe- 
veral Nations ſecure their villages and towns, by ſurround- 
ing them with ſtakes and paliſades, to prevent wild beaſts 
or enemies from ruſhing in amongſt them. x 

Had all mankind continued living in hutts and caves, 
theſe fences would have remained without any more im- 

nt than their habitations; but as ſoon as there ap- 
peared any buildings of ſtone raiſed with art, ſo ſoon like- 
wile a wall fupplied the place of paliſades. 

The beſiegers then were obli ws to ſurround the place, 
and were very careful that nothing ſhould come in or out; 
thus they patiently waited to effect by famine what art 
or ſtrength were as yet uncapable of executing. This oc- 
caſioned ſieges of ten or twenty ye as are recorded in 
ancient hiſtories. 

But theſe blockades were found out to be too * there- 
fore the beſiegers thought of ſcaling the walls, and like- 
wiſe of ſapping their foundations, for this laſt purpoſe th 
laid into holes that they had digged under the wall, ſmall 
piles of wood, very dry, to ſupport it whilſt they were at 
work, which being ſet on fire, and conſumed, made the 
wall fall down, 

The beſieged then, to hinder cheir enemies approaching 
ſo very near to the walls, thought proper to make balco- 
_ which run along the infide of their wall, juſt at the 

top, from whence they uſed to let fall great heavy ſtones, 


to deſtroy thoſe who either attempted to ſcale the walls, or 


ſap their foundations. 


But 
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Experience afterwards taught the beſieged, that a plain 
wall was of too weak a defence, and that the only advan- 
tage they had above the beſiegers was, that of being raiſed 
higher from the ground, for when they appeared at the tops 
of their walls to defend them, they were as much uncovered 


and expoſe 
ſes, to ſhoot at the enemy, and cover themſelves behind the 
ſpaces that were left betwixt them ; but theſe became uſe- 
leſs as ſoon as the enemy had reached the foot of the wall, 
ſince the ſame ſpaces likewiſe covered him; Towers were 
then thought of to defend the walls and moleſt the enemy, 
not only in front, but on the ſides. Theſe towers at firſt 
were ſquare, with one face of them preſented towards 
the enemy, and two others to defend the wall, the fourth 


ed as their enemies; therefore they made murdreſ- 


being towards the place was generally left open. The 


diſtance theſe towers were placed at one from the other 
was about an arrow's ſhot, or ſomething more. | 


This firſt method ſeemed deficient, becauſe the front of 


the tower A B was not defended from any part of the two 
others that were near it; this front then was as much 
without defence as a plain wall; they then built them 
round; theſe were preferable to the former, becauſe the 
ſpace betwixt C and D, that remains without defence 
from the adjacent towers, is not very conſiderable. Be- 


3 


Fig. r. 


Fig. 2. 


ſides, the ſtones they were built with were cut out like 


wedges, by which contrivance they could better reſiſt the 


ſhocks of the battering-ram, the machine then made uſe 


of to overthrow walls. | 


All ancient towns and cities are thus fortified, unleſs 


{ome modern works have been added to them. 


There were another fort of ſquare towers in uſe, one of 


whoſe angles was preſented towards the field; theſe had 
the advantage of having the two fides covered which were 
. B 2 ; next 


Fig. 3. 
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next the wall, and yet they defended it, as may be ſeen 
in the figure. It is moſt likely it was this ſort that gave 
the firſt notion of Baſtions, in the beginning called Bul- 
warks, which were not in uſe till about the year 1 500. 
It feems that the ancients, in proceſs of time, were ac- 
quainted with all the_ principles and fundamental rules 
which are eſtabliſhed in the art of modern Fortification ; 
they could prevent the approaches of an enemy to a town, 


by overflowing the country; they knew how to make 


deep ditches, which they ſurrounded with paliſades to pre- 
vent an enemy's deſcent ; they raiſed heaps of earth behind 
their walls to withſtand the force of the battering-ram ; 
the ſeveral ingenious inventions they had for throwing of 
darts and arrows, and even prodigious great ſtones, ns 
that they had acquired a | thorough knowledge into the 
art of war, and may be juſtly efteenied our maſters there- 
in, eſpecially for the ſeveral artifices and ſtratagems ſo re- 
quiſite on many occaſions; what changes we have wrought 
are accidental, and owing merely to the difference of our 
arms and theirs. Since the invention of gun-powder, the 
cannon and mortar, with the leſſer ſort of fire- arms, are in- 
troduced inſtead of the Battering-rams, Catapultas, Ba- 
liftas, Scorpions, Favelins, Slings, Arrows, Darts, &c. 
Baſtions are thoſe parts in modern Fortification which 
ſerve inſtead of towers; they are made conſiderably bigger, 
that they may be capable of reſiſting ſo much the longer, 
and that they may contain ſoldiers and cannon enough 
for the defence of the place; and as the enemy drives his 
attacks chiefly againſt the baſtion, it muſt be large enough 
to make intrenchments therein, to prevent his lodging him- 
ſelf upon the breach, tho he had gained it ſword in hand. 
Several Dutch, German, Italian and French authors. 
have fince cultivated this art, but it muſt be owned that 
| none 
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none of them have ſucceeded ſo well as M. de Vauban, who 
has brought it to the perfection we now ſee it has acquired. 
Places deſigned to be fortified are either regular or irre- 
gular; regular are thoſe whoſe circumference is like unto 
a regular Polygon, and whoſe ſides do not exceed the 


length of 200 farthoms. Irregular places are thoſe, whoſe 


circumference is irregular, or if it is regular, has its ſides 
longer than 200 fathoms, or leſs than 160; theſe meaſures 
are meant to be applied to the exterior polygon. 

From theſe two. ſorts of places have riſen two forts of 
Fortification; one which is called regular, and is appli- 
cable to the firſt of them; the other which is called irre- 
gular, and is applicable to places of the ſecond fort. 

Fortifacation is either durable, or temporary; durable is 
that which is built with great expence, to continue a long 
time; ſuch are the uſual: Fortifications of cities, frontier 
places, &c. Temporary Fortification is that which is erected on 
ſome emergent occaſion, and only for a little while; ſuch 
are field-works, caſt up for the ſeizing and maintaining ſome 
poſt or paſs; alſo thoſe about camps, &c. as circumvalla- 
#10ns, countervallations, redoubts, trenches, batteries, &c. 

Fortifications are made on the confines of a country, to 
ſerve as barriers againſt the invaſions of an enemy, but 
they ought not to be made but in ſuch places where they 
become abſolutely neceſſary. 

Fortreſſes are diſpoſed into three lines or rates. Places 


of the fit line or rate, are thoſe whoſe polygon is a 


ſquare pentagon or hexagon, or ſome equivalent figure. 
The /econd line is compoled of places which are either 
heptagons, octogons, decagons, or ſomething equivalent. 
Places of the third line are either endecagons, dodeca- 
gons, and upwards, or equivalent; theſe ſerve for the great 
magazines in time of war. - 
/ | The 


$ 
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The ſmalleſt places are diſpoſed in the firſt line, becauſe 
an enemy will not fail beſieging thoſe he meets with firſt; 
their loſs then is not ſo confiderable, and ow recovery 
more eaſy. 

Places of the farſt and ſecond lines muſt not be at too 
great a diſtance from each other, elſe the enemy may pe- 
netrate without difficulty to thoſe of the third line; and 
thus the two foremoſt would become entirely uſeleſs. 

There are three different parts made uſe of in the draw- 
ing of Fortifications upon Paper, vis. Ichnography, Or- 


thography, and Scenography. 


T1chnography is the plan or ie of the length 
and breadth of the parts of a fortreſs, conſidered as being 


| levelled to the ground; by this we are at once acquainted 


with the value of the different lines and angles, 

Orthography is the profil or repreſentation of a fortreſs, 
when any of its works are ſuppoſed to be cut by a plane 
perpendicular to the horizon, ſo that a perſon may not 
only ſee their lengths or breadths, but likewiſe their heights 
and depths. | 

Scenography is the perſpective view of the parts of a 
fortreſs, juſt as they would appear in a landſcape. 

The Toe is a meaſure of ſix French Feet (pieds de Roy) 
and is uſed in all buildings and fortifications by their en- 
gineers; the word Toiſe, in the Engliſh language, ſignifies 
Fathom: Theſe two meaſures correſſ in the divifion of 
the feet, but theſe diviſions being unequal, it is neceffary 
to obſerve, That the proportion of the Tard as lately fixed 
by the Royal Society at London, to the Half-Toiſe as fixed 
by the Royal Academy at Paris, is as 36 to 38,355 : There- 
fore 764 Inches muſt be taken for the length of the Toi/e 


plans belonging to this treatiſe. 
CHAPTER 
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Or Recovrar FoORTIFICATION FOR THE BODY 
WR OF THE PLACE. 


_ "Es 


W 


How to trace the magiftral line to fortify a ſquare pentagon 
and hexagon, with an explanation of ſome of the principal 


lines and angles of a fortreſs. 
E +: HERE are two ways to fortify a regular polygon 
upon paper; the one is called fortifying within and 
the other fortifying withour, or outwards. s 
Jo fortify within, is to repreſent the baſtions and curtin, 
within the polygon, given to be fortified, which is then 
called the exterior polygon. 

To fortify without, is to trace the baſtions and curtin, 
without the polygon, given to be fortified; this polygon is 
therefore ſaid to be the interior polygon. | 

Erhard was the firſt who began to fortify within, his 
method which was very deficient was corrected by the 

Count de Pagan, but was perfected by M. de Vauban. 
This celebrated author has eſtabliſhed three ſorts of 
Fortifications, the largeſt of all is from 200 fathoms to 230 
or 240 each fide; this he does not approve of for all the 
ſides of a place, but only for a long fide that may be 
towards the banks of a river, where he always raiſes large 
outworks. The next fort he ſuppoſes to have ſides of 180 
fathoms, and it is this which is moſt frequently in uſe. 
The leſſer fort has the ſides of the polygon (the exterior 
polygon muſt be always underſtood) of 160 fathoms and 
under. | 


For 
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For all the ſtructures we ſhall lay down in this work, 
we ſhall conſtantly make uſe of the mean ſort. 

Let the ſquare AB CD be given to be fortified ; upon 
the middle of the {ide A B, draw a perpendicular E F 
towards the center G of the polygon, to which you muſt 
give the eighth part of the ſide AB. From the points 


A and B draw thro' the point F, common to them both, 


the two lines A H, I B, indefinitely. Take two ſevenths 
of the fide A B, and carry them from A to K, and from 
B to L. Set one foot of your compaſſes at K, and open 
them till the other falls upon the point L; from the point 
K, as center, and with the interval K L, deſcribe an arch 
LH, that ſhall interſect the line AH at H; with the 
ſame extent of your compaſſes, one of their feet bein 

fixed at L, deſcribe likewiſe the arch K I, and the line 
BI will be interſected at the point I; then join AKIHLB 


by right lines; repeat this operation for the three other ſides 


of the ſquare, and you will have performed the whole. 

The nagiſtral line AK IH LB, by which you begin to 
deſcribe all fortifications, is that which determines the 
lines and angles of the circumference of the place, and is 
ſo called becauſe it is the principal. Thoſe lines and angles 
which in any figure are only dotted, are called the occult 
lines and angles, or lines and angles of firufture; for tho 
they are abſolutely neceſſary for the ſtructure of the works, 
when the plan is finiſhed they become needleſs, and are 
effaced to avoid confuſion. 5 


It is always neceſſary to have a ſcale for the different 


figures you trace out. M. de Vauban takes the fide A B 


of the exterior polygon, which we have juſt above faid to 
contain 180 fathoms. | 


To divide this ſcale, draw at ſome corner of your 
paper an indefinite line, make @ 6 equal to AB, and 
| then _ 
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then a 5 will contain 180 fathoms ; divide it equally in- 
to two parts as at c, under which place go, and 180 un- 
der 4; divide @ c into three equal parts, a d, d e, e c, 
each of theſe is worth 30 fathoms; put go under d and 
60 under e; divide à d into three equal parts, each of 
which is worth 10 fathoms; then diride the firſt 2 / into 
two equal parts, each of which will ſtand for 5 fathoms; 
and laſtly, divide the firſt of theſe two arts 4 5 into five 
equal parts, and it gives you ſo many fathoms; thus the 
ſcale 44 will be divided into as many parts as are neceſſary 
for the ſtructure of the plan. 

If you would make uſe of this ſcale to fortify the ſquare 
pentagon, hexagon, &c. take 22 fathoms for the perpen- 
dicular E F if your polygon is a ſquare, 25 fathoms for 
the ſame perpendicular if you fortify a pentagon, and 30 
fathoms for the hexagon and other ſuperior polygons. As 
for the faces AK, BL, give to each of them 50 fathoms 
in all polygons whatſoever. Towards the end of this 
ſection we will ſubjoin a table for the more eaſy retain- 
ing the value of all thoſe lines which are neceſſary in the 
ſtructure of any polygon from the ſquare to the do- 
decagon. 

What we have juſt now laid down ſhews, that the per- 
pendicular E F is taken for the eighth part of AB in the 
Square, the ſeventh part if the polygon is a pentagon, and 
the fixth part in the hexagon and all other greater polygons ; 
and that the fide of the exterior polygon is divided into ſeven 
equal parts, two of which are taken for each of the faces 
AK, BL, in fortifying any polygon whatſoever. | 

Here Ch e an fovene the principal lines and 
angles peculiar to this art. 


C | The 


3 


Fig. 4, 
5, 6. 
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The principal lines are 


AB, The fide of the exterior polygon. 
a b, The fide of the interior polygon. 

KI, HL, The flanc, ſaid to be a right-angled flanc when- 

i! ever it is perpendicular to the curtin, and an oblique 

flanc whenever it makes an obtuſe angle with the line 
of the curtin. 

AK BL, The faces of the baſtion, ſo called becauſe they 
are placed fronting towards the enemy: In ſpeaking 
of the right and left flancs and faces, you muſt al- 
ways ſuppoſe yourſelf ſtanding within the fortreſs, 
looking towards the field. To flank, in terms of 
fortification, ſignifies nothing more than to defend. 
KI, HL, are called fancs becauſe they ſerve to de- 
fend the faces LB, AK, which are oppoſite to 
them. 

a b, The petty ſemi-diameter. 

G B, The great ſemi-diameter. 

b B, The capital lines, fo called becauſe * extend the 
whole length of the baſtion. 

HC, The line of gorge. 

H b, bc, The demi-gorges. 

IH, The curtin. 

1 De curtin prolonged. 

A H, The line of defence razant, becauſe the ſhot from the 

ophpoſite flanc LH razes the face A K. 

d B, The line of defence fichant, or line fichant. Suppoſe 
the line e B to be the face, which if prolonged 

ii would interſe& the curtin at d, the ſpace I d in 

| the curtin would be then called a ſecond flanc, be- 

cauſe it would defend the face e B. The reaſon 
why 


pr” 


x. <6 
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why the line d B is called fichant is, becauſe the 
flanc that defends the face e B does not raze that 


[008 but plays and fare its ſhot full againſt it. 


The names peculiar to ſome of the angles of forti- 
fication are | 


1 


AGB, De 4 of the Center. 2 | hs 

A B C, The angle of the exterior polygon. 

L B M, The x. eh of the baſtion, or flancked angle, becauſe 

it is ſeen and defended by the flancs of the oppoſite 

baſtions. 

AFB, The exterior flanking angle, or the angle of the 
Tenail. - 

BIK, The interior flanking angle, when there is a ſecond 
Shine the interſection of the line fichant upon the 
curtin farms this angle, as B d I. 

H L B, The angle of the ſhoulder, fo called becauſe it 
covers the ſhoulders of the ſoldiers which are poſted 
along the flancs. 

BIK, The angle of the flanc. 

B I b, The diminiſhed. angle, always equal to bAB. 


a b C, The angle of the interior polygon, which is likewiſe 
the center ef the baftion, ; 


De Letters HEL BMC determine the figure of a baſtion, Fig. 6. 
with the proper inclination of its faces and 255 


Theſe are what terms are at preſent uſeful, and ought 
to become familiar for the further Intelligence of fortifi- 
cations; all ochers ſhall be explained as they occur. 


C 2 Sand I 


( 
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| ” Here follows the table, whereby having made your ſcale 
| at pleaſure, you may trace out the magiſtral line of any 
il regular place according to M. De Yauban's method, as 
| we have already practiſed, 
The Square Pentagon | "Hexagon | 
| l * Exterior ſide 180 F. 180 F. 180 F. 
10 2 W * 
Perpendicular 22 F. 25 F. 30 f. 
| — — — — ws 
ii The Face 50 E. r 
Ui | | 2 U 
OreatSemi-Diameter 127 F. 1522 F. 180 F. 


— 


9 


The great Semi-Diameter for the 


12 — | 
15 fa ft 
| Endecagon [314 : 0 


7 SIDE Fa 
vage 346: 4 


| * — * — 
_ — 


— 


[| We muſt not omit inſerting another table that marks 


|| out the dimenſions allowed, not only to the perpendicu- © 
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lars, faces, flancs and capitals of the half-moons of the 
three forts of fortifications' abovementioned, but likewiſe to 
ſuch ſmall forts that are raiſed in the field to guard a oy 
or upon any other occaſion. 


The Dimanton er Field. Forts [ Leſſer Fortification | Mean T Gra | 
Sides of thelBojg 100 Sls Sorel 130 140] 750, 16 160 170; 1 180) 190] 20 200 260 


Polygons 


r 109017 122 10 16] 18 180 200 20 2 25 . 4 3 25] 22 


- 


—— 


W e 30 zo] 35 35 40] 4 my 43] 5o| 52] 55] 60 


1 


Rall een la b 4 35] 40 40 4 50| 20 52] 55 35 . 55 60 30 


The firſt diviſion. contains ts number of fathoms to be 
given to the exterior {ide of the polygons for theſe four 
ſorts of fortifications, . viz. for a field fort is allowed from 
80 to 130 fathom, for the /efſer fortification from 140 to 
170, for the mean ſort from 180 to 190, and for the 
Great from 200 to 260 fathoms. 

The ſecond divifion ſhews the meaſures of the perpen- 
dicular, varying according to what is allowed to the ex- 
terior ſides: Thus, for a field fort whoſe exterior ſide of 
the polygon is 80 fathom, the perpendicular is 10 fathom; 
if the fide of the polygon: is 100 fathom, you muſt give 
121 fathom to the perpendicular. But you muſt obſerve, 

1. That the perpendiculars for the field forts have been 
calculated as © part of the exterior ſide, be- 
cauſe theſe ſort of fortreſſes very ſeldom are made above 
a ſquare. 

2. In the leſſer b the diculars are the 
ſeventh part of the exterior ſide, as this ſort is moſtly in 
uſe for cittadels, which generally are pentagons. 


3· In 
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3. In the mean fort the ſixth if the exterior fide 
is rated for the perpendicular, this fortification being prac- 
tiſed for great places, which are either hepta- 
gons, or larger polygons. 

4. In the greater ſort the eighth part of the exterior 
fide is given to the perpendicular, to prevent the flanked 
angles becoming too acute. 

This table is only of uſe for field forts, the lefler and 
mean fortifications, whenever the former is made a ſquare, 
the ſecond pentagonal, and the latter hexagonal or more ; 
under theſe reſtrictions it was calculated; otherwife the 
polygon muſt be fortified n to the common me- 
thod at firſt laid down. 

The great fortification, which is never practiſed but for 
the long fide of an irregular polygon, _—_ of the di- 
— laid down in the table without any Exception 
The third diviſion contains the length af the faces of 
the baſtion, ranged in proper order; the fourth and fiſth 
the length of the flancs and of the capitals of the balf- 
moons, in proportion to the fize of the exterior fides. 

This table may ſerve for irregular fortification. | 


Of the Maxims of Fortification, 


HERE are ſome certain maxims eftabliſhed in the 

art of fortification, according to which, when a 
fortreſs is raiſed, there can be but little faid apainft its ad- 
vantages to thoſe who are within, 2 
They who deſire to make any progreſs in this art, ought 
to be thoroughly acquainted with the moſt general and 
fundamental principles of it, that they may conceive what 
has given place for the forms of the different parts of a 
fortreſs, and account for them; ; otherwiſe a perſon will 


* | never 
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never be able to diſtinguiſh betwixt a good and a bad 


ſtem, | 


All the parts of a fortreſs ought to be viewed and flancked 


on every fide, that the befieged may be able to defend all its 
parts without any obPacle arifing from its ftructure. 


This maxim is the fundamental one, and is of the greateſt 


importance; for was there the leaſt ſpace in the circumfe- 
rence of a fortreſs that was'not ſeen and deferided by thoſe 
within, the enemy would drive his attacks againſt that 
ſpace, and could, without much difficulty, open himſelf 


an entrance into the town. 


II. 

Thoſe parts in a fortreſs which flanck others, ought to be 
ſeen but from thoſe parts they ſerve to flanck. | 
It is impoſſible to obſerve this maxim ſtrictly, which 
would render a fortification perfect. Orillions are employed 
on this occaſion to cover the retired flancs. 
An 11 
Thoſe parts in a fortreſs which flanck ought to have as 
direct a view as poſſible of thoſe they flanch. e 

This is ſaid with regard to the inclination of the flanc; 
we ſhall explain, in a ſection ſeparately by itſelf, the ad- 
vantages and diſadvantages of flancs. 


IV. 


The length of the line of defence ought to be proportioned 
zo the ſhot of @ musket. © | 

Although in the defence of a fort both cannon and 
musket are made uſe of, one ought to proportion the line 


of defence rather to the ſhot of a musket than to that of 


X 


wy 


=. 


_ ries 150 fathoms, but then the 
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a cannon; hereby they both become uſeful, otherwiſe the 


musket proves needleſs, which ought to be the defence 
moſtly to be depended upon, being not liable to the un- 
certainty, charges and accidents which attend the uſe of 
the cannon. Experience has taught us, that a musket car- 

ſhot falls quite dead; the 
true proportion then is from 120 fathoms to 140 fathoms, 
or upwards, in caſe of neceſlity even 150, but abſolutely 
never lefs than 120 fathoms, which is the beſt meaſure for 
the line of defence, and gives alſo a proper length for the 
curtin, which ought never to be more than 85 or 88 fa- 
thoms, nor leſs than 40. | 


V. 


The line of defence razant ought to terminate juſt at the 
angle of the flanc, whenever there is no ſecond lane. 

This 1s intended that the face of the adjacent baſtion 
may be defended from every point in the flanc razant; 
for if this line of defence was to cut off part of the 
flanc razant, that part which would be betwixt the 
angle of the flanc and the point of the interſection would 


become quite uſeleſs for the defence of the face of the ad- 


Jacent baſtion. One cannot commit a 'greater fault than 


by not making uſe of the whole length of the flanc for 
the defence of the face it is deſigned to flanck. 


VI. 
Great flancs are beſt, as are alſo great demigorges. 
Buy obſerving this maxim the whole baſtion becomes 
larger, and is capable of containing more artillery and 


men, ſo that the Defence will be hereby infanitely more 


vigorous. There is no fixing properly all the parts of a 
baſtion, becauſe they vary according to the polygons ach | 
| belong 


* 
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belong to; however to have ſome fixed notion thereof, it 
is generally allowed that a flanc ſhould be from 20 to 30 
fathoms in length, and the demigorge equal to the flanc, 


or thereabouts: laſtly, the faces ſhould at leaſt be 40 fa- 


thoms, and at moſt 60; but whenever you can give them 
only 50 it is the moſt advantageous length. Great demi- 
gorges are beſt, as they afford more room for intrench- 
ments, when the enemy has made a breach in the baſtion, 
and is making ready for an aſſault. 


The angle of the baſtion, or the flanked angle, ought at 
leaſt to be an angle of 60 degrees. 
We ſhall treat of this maxim in the following ſection. 


/ vi. 


All the expoſed parts of a fortreſs ſhould be able to refiſt 
the moſt forcible machines uſed in befieging. 

This is very evident, for if the works deſigned to for- 
tify a place were not ſtrong enough to withſtand the force 
of the engines of-an enemy, he would ſoon be maſter of 


it, and fuch a place could not be ſaid to be fortified. 
A fortified place ought to be equally flirong in all its 
parts. | | | 


For, if a fortreſs has any part in it weaker than ano- 
ther, the enemy will not fail to attack it, and thoſe other 
parts which are the ſtrongeſt are of no manner of uſe. 


X. 


A fortreſs ought to command the country that lieth round 
about it within cannon ſhot. Y N 
| D When 
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When one place is higher than another, it is ſaid to 
command it. The cammandment is ſaid to be fngle, if the 
height of ene place above another is about 9 feet; it is 
dauble if there are 18 tect; if 29 feet it is triple; and fo 
on, always increaſing 9 feet, which is the height of one 
ſingle commandment. n 8 
There are three ſorts of commandments, viz. the com- 
enandment in the rear, the commandment im the front, and 
the commandment d enſilads. When any eminence that 
commands a work can ſee full in the backs of thoſe who 
are upon the work, this is the commandzent in the rear, 
and the moſt dangerous of the three; when any eminence 
is directly facing thoſe who are upon. the r S, it is 
then ſaid to command in front; and laſtly, if it can fee 
without interruption the full length of a right line, it is 
then called a commandment d enfilade. 

It is evident that the ramparts of a fortreſs ought to 
command the country wherein it is fituated, and not be 
commanded by it; for this purpoſe all the ground around, 


being the common fthot of a cannon; within this fpace 
there muft not be allowed any trees, any riſing or hollow 
grounds that may ſerve to congeal and ſhelter the enemy ; 
if there are any, they muſt be filled up, and the heights 
muſt be razed, or ele you muſt '{eize upon them and 
erect ſome works to defend them, and take other neceſſary 
precautions which we fhall mention hereafter. 


XI. 


The more diſtant the works are from the center of the 
place, the lower they ought to be. 


This is a natural con e of the ing maxim; 
for tho the enemy had made himſelf maſter of any of 
| the 


oms, ought to be levelled, this diſtance 
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the exterior works, if they are lower than the rampart, 


the fire from thenee hinders hitn greatly from covering 
himſelf; whereas were theſe exterior works Higher than 


the rampart, they would ſerve to cover him, and he could 
likewiſe command the Place. 


| Theſe ate the moſt eſſential principles be obſerved in 
the ſtructure of fortifications, — it is very difficult to put 
them in execution; one cannot have the ſarne regard for 
them all, without falling into many inconveniences; and 
it is in being able to . what is moſt ſuitable accord- 
ing to the occaſions which offer, and in managing things 


ſo that the works may not be ſaid to be confiezrably con- 


trary to the moſt important maxims, that the whole ſecret 


and difficulty of fortifications conſif. 


The-three following . are of no leſs i impor- 
tance than the foregoing Anim. 

1. A fortification ſhould be ſo tontrived, as that ir may 
be defended by as men as poſſible; this confideration, 
when attended to, ſaues a world of expence. 

2. That the manner of fortifying ſhould be accommodated 
to that of attacking : So that no one manner can be affured 
will always hold, unleſs it is likewiſe aſſured that the 
manner of ing is incapable of being altered; there- 
fore to judge of the ion of a fortification, the me- 


thod of beheging at the time it was built muſt be con- 
ſidered. 


3. Regular fortification is pn to be . before 
that which is irregular: 


Of 


Fig. 7. 


Fig. 8. 
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of the advantage # a flanked ak of haffions which 


angles, or thereabouts, and the diſadvantages 
of ms of flanked angles which are too acute. 


| pm gle of the baſtion AB C * a right angle, 
it has then all poſſible advantages to withſtand the 
ſhock of the enemy's cannon ; this ſhall be' demonſtrated: 

Let the perpendicular D E be ſuppoſed to be the direc- 
tion in which it is battered, it will reſiſt as much as 
poſſible according to D F, which being parallel to the 
face B A, is of a ſalfficient length, nor can it be longer; 
ſo that the reſiſtance being known by the length of the 
line whereby the body refiſts, a flanked angle of 9o de- 
grees will have all -oſfible ſtrength and reſiſtance. 

But it is not always poſſible to make the angle of the. 
baſtion a right angle, and it is a ed from 8 5 to £o, 
even to 75 degrees. There are ſome polygons, fach as the 
ſquare, and others which are irregular, wherein this angle 
can never be made | than 65 

But ſuch an angle as G HI is S be rejected, being un- 


der '60 degrees, as ought to be all other acute angles, for 


the following reaſons : 

Let us ſuppoſe K L to be the Sireftion of the battery; 
draw the line K M; L M- is-the line of reſiſtance, which 
is to be computed by the diftance from L to M; but LM 
falling upon the oppoſite face, you may ſoon overthrow 
the angle of the * and make a very great breach 
therein. 

Thus we ſee that no angle under 60 degrees will 


ſuffice for the flanked angle, which might become ob- 


tuſe without any inconveniency; this renders the gorges 
of the baſtions larger, and of conſequence the demi- 


gorges, 
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gorges, whoſe avenge are laid n in the remark 


on maxim VI. 


However, formerly they did not approve of baſtions 


whoſe flanked angles were too obtuſe, as L MN, becauſe 


they could not be defended by the fire from the curtin, 


which at preſent is entirely diſapproved by ſome ; more- 
over they are at too great a diſtance from the oppoſite 
flancs O and P, and the diſtance from M to Qwas found 
too ſmall to allow of making any retrenchments in the 
baſtions: But the half- moons which are made on the right 
and left of the curtins re- enter greatly upon the fanked 
angle, and this ſufficiently repairs other defects. 
Beſides, they are often uſed when you have too long a 
right line to fortify, and wherever you cannot advance 
outwards the flanked angle, as upon the ſea-coaſt, the 
borders of rivers, or upon a mountain, &c. as ſhall be 
ſhewn when we come to treat of irregular fortification. 


of the — and 4 ifadvantages of different inclina- 
tions of the flants. | 
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Fig. 9. 


Pr: a A F, according to the . de Pagan's Fig. 10. 


method, is perpendicular upon the line of defence; 
che direckiem of i fe is the beſt that can be; it is alſo 
very long, and can hold a great many cannon and men; 
but hereby the face is too much ſhortened, and it is too 
much fronting the counter-battery of the enemy. 
The flanc that is perpendicular upon the curtin, as A C, 
according to Chevalier de Ville, is too ſhort, and does not raze 
or glance well enough along the face of the oppoſite baſtion. 
The flanc AD — upon the face, is accord- 
ing to Erhard's ſyſtem, and is worſe than the former, 
for it is ſhorter, and can diſcover very little along the 
| face 
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face I G, lich it ought to defend. It covers exceeding 
well its own cannon, which becomes uſeleſs, and can only 
ſerve to ruin the op flanc 1 B. 

M. de Vauban has very odiciouſly axed upon the flanc 


AE. It makes an angle of 1060 degrees with the curtin. 


It does not diminiſh we proper length of the face, it 
contains a ſuſicient number of ſoldiers and artillery; 


and 
it taxes directly the face it defends, according to maxim mr. 


nothing: more can be defired upon this head. 
What we have hitherto faid; is defigned to render the 
firſt elements of this art clear and intelligible ; we ſhall 
now proceed to the ſtructure of the rampart and pa- 
rapet, Sc. | 


How to trace the rampart and paraper. 


A FORTIFIED place is always ſurrounded on every 
acceſſible fide with a rampart, foſs?, and covert way. 
The is a heap of earth raifed round about a 
fortreſs; it is intended to cover the buildings within the 
place, and to raiſe the beſieged as high as is neceſſary 
to help them to difcover the lande that lay round about 
the place; by theſe means, at the approach of an enemy, 
they fire upon him at as . a diſtanee as their arms 
will 

The ordinary height of the rampart is about 3 fathoms 
above the horizontal line, more or leſs, according to its 
ſituation with reſpect to the ground it ſtands upon, and 
the places which are without the fortreſs, and might com- 
mand it. It is a fault of the utmoſt conſequence to raiſe 


the rampart too high, for thereby it is quite diſcovered to 


the enemy's view, who can eaſily ruin it; moreoyer the 
expences become more chargeable. 


The 


The breadth of the rampart at bottom is either 12, 13, 
14, or even 15 fathoms; when there is no ſtone or brick- 
work. In theſe breadths are included the ralus, this di- 
miniſhes the breadth upwards, which cannot well be fixed 
before you know the quality of the earth you are to make 
uſe of: The talus fignifies that declivity or inclination 
that is allowed to works of earth or ma „the better to 
ſupport themſelves; and the worſe the is, the more 
floping they ought to be. 20 
The declivity of the rampart towards the place is called 
the interior talus, and is generally once and half the height 
of the rampart. 

The #/carp or exterior talus is the declivity of the ram- 
part and other works towards the field, which muſt never 
be floping enough for the enemy to come up it without 
great difficulty. 


© 


The paraper is a maſs of earth raiſed upon the exterior 
border of the rampart; it ſerves to cover the cannon and 
ſoldiers which are placed upon the rampart for the defence 
of the place; it is about 3 fathoms thick, and one in 
height. At the foot of the parapet, towards the place, 
is made a 4aqwer or little bank; it is deſigned for a ſtep 
to raiſe the men, that they may ſee over the parapet to 
fire upon the enemy, for which reaſon alſo the top or 
fummit of the parapet is made to go floping towards the 
outworks; this is called the ſuperior talus of the parapet. 
The upper part of the rampart that remains clear, after 
the parapet has been raiſed, is called the terre plein of the 
rampart, and upon it the ſoldiers and cannon are placed 
which ſerve to defend the fortreſs. 


The rampart and parapet are generally ſuſtained on their 
exterior ſides by a wall of brick or ſtone that is raiſed the 
full height, three quarters, os only half, and whoſe foun- 

dation 
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Fig. 11. 


plein. 
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dation is lower than the bottom of the ditch or , but 
its talus begins at the bottom of the %. The rampart 
is ſaid to be lined when it is ſupported by a wall, and 
the wall is called the lining. There are ſome earths which 
need no other lining than turf, ſuch as grey clay and 
ſlimy earth, which anſwer exceeding well in making of 
ramparts, becauſe they can reſiſt the incoveniences of heat 
and rain, and ſupport themſelves | without liable to 
crumble away; but then the firſt diſcharges of the enemy's 
cannon ' beat them down prodigiouſly, and facilitates 
greatly the mounting of the breach, eſpecially if the foſse 
is dry, fo that the beſieged are obliged to capitulate as 
ſoon as they have loſt the covert way, for fear of being 
taken by aſſault ; theſe, and other apparent diſadvantages, 
are ſufficient to oblige one to line the works of a fortreſs 
that is of any conſequence. 

Having deſcribed your polygon at pleaſi ure, and the 
ſcale thereof as we have directed in a foregoing ſection, 
proceed as follows. 

1. At the diſtance of 3 8 from the ma . line, 
and within the polygon, W. a line parallel «ut. and 
the ſpace betwixt theſe two lines will Sen the breadth of 
the parapet. : 

2. At fix fathoms diſtant from the interior line, 3 
another parallel, and this laſt line will fix the interior ſide 
of the rampart, and likewiſe the breadth. of the terre 


3. At 4 fathoms and a half diſtant from this laſt line, 
draw another parallel, and the ſpace betwixt theſe two in- 
nermoſt parallels will expreſs the interior talus of the 
rampart.” _ 

4. At 5 or 6 feet diſtant from the magiſtral line, you 
may draw on the outſide a mal fine line, which is 
deſigned 
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deũgned to deſeribe the talus of the wall; and upon the 
terre plein of the rampart, hard by the parapet, at 3 feet 
diſtant therefrom, r another wp fine lines n will 

eſs the banquet. 
Jo, the plan is too- final cheſs two lafl-rnemticned 1 
for the talus of the walhand the n are ede but 
they are underſtood. 

Whenever the rampart is made to. run parallel to the 
flancs and faces of the baſtion, as 2 2 2 2, there is a ſpace Fig. 11. N 
left in the middle of the baſtion, and then' the baſtion is 
ſaid to be Hollow. It is in theſe ſpaces that are placed the 
magazines for powder and ſtores. 

When the rampart is not drawn parallel to the flancs 
and faces of the baſtion, but that it breaks off juſt before 
the gorge rge of the baſtion, there is no ſpace left in the * 
and. it is then called a full baſtion. 

Tis in full baſtions that are raiſed cavaliers, which are Fig. 11. 

— * elſe but other baſtions raiſed upon the firſt, and 
of the ſame form. Sometimes they are lined, and have IMA 
their parapet like other works. Their height above the 8 
baſtions is fixed according to the places they are to com- 
mand. The parapet of their flancs is parallel to the pa- 
rapet of the baſtion, and is deſcribed at 4 fathoms from 
it. The parapet of the faces of their faces is within 3 
fathoms from the parapet of the baſtion, and is parallel 
thereto. / Ms theſe cavaliers, as occaſion requires, 
are made ſourerreint, which are vaulted; and run from 
oy gorge of the baſtion to the flanked angle; f they ſerve 
very ſafe magazines for the ſtores, ammunition, and as 
a ä for the ſoldiers in time of a ſiege; and in theſe 
ſubterranean vaults are made ovens * baking the 
bread for the gariſon; there is no danger of the bombs 
ever en therein, for beſides their being vaulted, 
| E they 


Fig. 12. ſecond, C D, is one foot beyond 
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__ © When'a cavalier is raiſed in the manner we have juſt 
now laid down, it is deſigned to ſcour the field and com- 
mand the enemy's batteries. Sometimes the figure of a ca- 
valier is round, or ſquare, We. and then tis made to cover 
ſome part in the place that the my * batter, _— 
in the front or rear. 


Bro to dſcribe in a 8 the ene and barbet 
batteries. 
Tus openings made in the W the Gring of the 
1 cannon are called embraſures. They are cut down- 
wards in the parapet, within three feet of the in of 
the rampart, and have three different breadths ; the firſt 
breadth, A B, is towards the place, and is 2+ fort; the 
the firſt, and is two feet; 
the third breadth, N M, nere That 
of the t which remains entire betwixt two em- 
ures is called a »er/on. The bottom of the embra- 
ſures muſt have the fame ſlope as the ſuperior talus of the 
parapet, hat u raatily che Grad: imt0-che 
. divide the "TA 
| To del res upon , di 

whereon they are to be deſcribed into” parts of three fa 
thoms each. Let the given line EF be nine fathoms, 
make the inter etiam at P and Q, and the whole length 
will be divided into three equal parts. At theſe points of 
divifions, P and Q, raiſe the perpendiculars PS, QR; 
then, according to the meaſures juſt mentioned, ſet off 
QI, QA, QB IC, ID, RN, RM, not forgetting to 
draw the dotted Line FI V parallel to EF. and by right 


lines, 


Tar EIZUurvrs of FORTIEICATION. 


lines, as the figure plainly ſhews, join A C, CN, BD, 
D M, to complete the plan of an embrafure. 

Upon the parapet of a work belonging do a mul px 
the embraſtres are deſctibed only by ſmall iſoſceles triangles, 
ſet off at the given diftances one from another, and whoſe 
baſes fall upon he magiſtral line. 

If the flanc is a concave flanc, which ſhalt be explained 
very ſhortly, the firſt embraſure next the retreat of the 
curtin ought to fire dire&ly in the covert way, and the one 
next the reverſe of the orillon ought to defend the breach 
that the enemy might have made in the face of the op 
poſite baſtion. 

Barbet batteries are platforms raiſed at the flanked angle 
of a baftion, or of any outwork about four feet higher 
than the terre- plein, fo that the cannon may be juſt high 
enough to fire over the gone The French have named 
this fort of batteries, teries en barbe, or en barbette; 
becauſe the ball in going out of the cannon ſhaves' the 
graſs from the ſuperior talus of the parapet. They are of 
great advantage for the firſt days of a ſiege, when the 
beſiegers are yet at a diſtance from the place, but they 


are rendered unſerviceable as foon as the enemy has brought 


his batteries in readineſs to play. 

For the ſtructure of the barbet batteries; their length is 
from 9, 12, to 18 fathoms, meaſured off upon the faces 
of the baſtion from the flanked angles; and "their breadth 
is 3 fathoms, and is drawn parallel to the interior fide of 
the parapet; at each end they have an eaſy aſcent 12 feet 
broad, and whoſe talus is fix times its height. This is 
the general rule for the talus of all aſcents in * works of 
forti cation. 


Bs - The 
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Fig. 11. 


Fig. 13. 


ſect the farft at the 
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The earth their platform is made of muſt be well beaten _ 
pin and raiſed within. 2+ feet to the top of the parapet; 
and afterwards muſt be covered with oaken planks. | 

There is a platform for a barbet batte * at the 
flanked angle A of the baſtion H G A, 2: 


To defenibe the concave fone with its ue 


T* E flanc beg the moſt effontial part in the whole 
1 circumference of a fortreſs, it has always been judged 

proper to increaſe, as much as poſlible, its defence and 
ſolidity, and to hide it from the enemy's view. Every 
author has attempted to conceive ſomething that might an- 
ſwer theſe three intentions. M. de J — wry whoſe con- 


ſtruction we ſhall here lay down, has, after the manner of 


the Italians who firſt invented it, made part of the flanc 
concave. which. is covered by another part that is rendered 
convex ; a flane thus deſcribed is called a covert flanc, or 
a flanc concave with orillon. 


Having drawn. the magiſtral line. of a fortification as 


ot have before laid down, 


1. Divide the flanc C D into three equal parts. 

2. Let CI be divided into two equal parts, and on the 
point of interſection raiſe within the baſtion the indefinite 
perpendicular O K, and at C, the extremity of the face, 
raiſe another icular to that face, as C K, to inter- 
point K; from this point K as center, 
and with the interval K C, 8 the arch CI, which 
is the convex part of the flanc, and is called the orillon. 

3. From the flanked angle of the oppoſite baſtion draw 
the right line AI H, give - I H five _ ; this part. is 


called the retreat, brifure, or * of the orillon. Pro- 
long 


" # 
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long the line of defence A D within the baſtion, and 
make D G equal to IH; then make the equilateral triangle 
GLH, and from the point L as center deſcribe the con- 
cave flanc G PH. 

The convexity of the collien- ay be deſcribed by taking 
CI for the diameter. 

The fire of the cannon. placed next to the vaſe of the 
orillon, which is entirely out of the enemy's ſight, can 
only. be employed to. annoy. them in the paſſage of the 
foe; this greatly. diſturbs that part of the attack, and 
deſtroys " miner, to. the no fmall advantage of the 
beſieged. 

The interior fide of the parapet of dhe concave; flanc 
is deſcribed circularly from the point L, by adding three 
fathoms to the interval LH; in the ſame manner, by 
taking the proper meaſures, are deſcribed the terre plein, 
and talus of the rampart. 

The parapet of the orillon is 8 in a right line at 
the diſtance of three tathoms inwardly from the line C V 
and parallel to it. 

The reverſe 1 H of the orillon being covered by the pa- 
rapet of the face of the baſtion, has no occaſion for ano- 
ther. In this part are made poſterns for the ſoldiers to- 
deſcend into the folse, and from. thence to go to the * 
ferent outworks. 

Some authors have e the in ſquare: as at. b E, 
but this not being ſo ſtrong as the round one, is to be 
rejected. 5 0 

The upper and lower flanc, likewiſe. called the ca/e- 
mate, as deſcribed. by. ſome. authors, is now out; of uſe ;, 
we ſhall have occaſion to ſpeak. of them in treating of the 
Leon of d ren authors... 
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Fig. 14. 
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To deſcribe the foſse and covert way with the g/acis. , 5 

O deſcribe the foſsè, take with your compaſſes 18 bor 
1 20 fathoms upon the ſcale, and with that interval 
from the flanked angles A and B deſcribe the two atches 
CD, FE; then from the angles of the ſhoulder draw the 
lines LME and G MC, tangents to the two arches at 
the points C and E; the interfection of theſe lines at M 
will form the re- entering angle of the counterſcarp. In 
this manner you may deſcribe the foſsè for each front of 
the fortification. It is proper to obſerve, that by thus 
deſcribing the fofe, there is no part of it but is ſeen and 
defended by the flancs. If the line of the counterſcarp 
E M, when prolonged to L, did not coincide with the 
angle of the ſhoulder at the point L, but was drawn in 


direction with a point of the flank three or four fathoms 


nearer towards the cuftin, that ſpace of the flanc would 
become uſeleſs for the defence of the foſtè and face of the 


oppoſite baſtion, and thereby you would diminiſh the fire 


of the flanc, and without any juſt reaſon. 

Was the counterſcarp to be defcribed parallel to the 
magiſtral line, it is evident that the flancs AB, CD, 
could not defend the foſsè of the faces D E, F A, becauſe 
that part of the counterſcarp GH IK would prevent its 
being difcovered. Hence it follows that this manner is 


abſurd, and that the foſsè of the curtin muſt be more ſpa- 


cious than the foſsè of the faces, that the fire of the flancs 
may not be obſtructet. e een | 

It might be thought that there could ariſe no diſad- 
vantages by making the foſses of a fortrefs very broad and 


deep, becauſe the beſiegers would meet with more difh- 


culty in their paſſage to the works of the place. But the 
N diſadvantages 


* 
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diſadvantages of ſuch a ſyſtem would prove real, and the 
benefits only imaginary; for a ſoſoè too broad would dif 
cover the foot of the rampart, and a — — 
dry, could not ba defended by the cannon of the flancs, 
which never could ſcour the bottom of it. In the raiſing 
of a fortreſs, their depth and breadth are calculated ac- 
_ cording, to the quantity of earth that is neceſſary for the 
rampart, cavaliers, &c. but the breadth muſt always be 
determined ſo, that one may always 
the counterſcarp notwithſtanding the thickneſs of the pa- 
rapet, which would be 1 — ine. 
row. Its depth muſt always be more than the height of 
a tall man, therefore it never can be allowed but upwards 
of ſeven feet. In this treatiſe, when we come to deſcribe 
the profil of a fortreſs, we ſhall make the depth of the 
foſsè when dry equal to the height of the rampart, and 
if wet 12 feet 
Some authors have imagined 
the great dry ſoſsè a ſmall ditch, broad and deep, called 
cunette or cuvette ; it ſerves for a drain to the great 
it ought always to be filled with water, and contrived io 
as to afford no ſhelter or cover to the 
The counterſcarp or exterior border of the folks ws 
deſcribed, we proceed next to the covert way, and deſcribe 
it as follows: 
At five fathoms diſtance of the countericarp draw a 
line parallel thereto ; this will expreſs the interior fide of 
of the covert way, and will determine its 


the parapet 
breadth. 

angles of the of the 
covert ways as at P., you muſt deſcribe the places of 


2. At all the re-en 
arms, 


All re entering angles in fortification which are not directly Ranked, or 
feen from any other work, are called dead angles. 


diſcover the brink of 


one; 
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arms, therefore make P 8 and PT 10 or 1 5 fathoms by 
your ſcale; theſe two intervals are called the demi 

of the places of arme, and are only occult lines; then 
from the points 8 and T, with an interval from 12 to 20 
fathoms, deſcribe two arches to interſect each other as at 
V; chen join VS, VT, and the place of arms is formed. 
The lines VS and V T give the faces of the places of 
arms. Draw the line for the banquet of the covert way 
as you have done for that of the parayet of r . of 
the place. 

- To fix the breadth of the parapet of the covert way, 
make XYXZ parallel to P R, PQ, at the diſtance of 
20 or 25 fathoms, the ſpace therein contained is called the 
glacis. At the re- entering angles of the glacis, juſt before 
the place of arms, muſt be drawn the ſaillant angle as at &, 
therefore make X a and X c equal to 20 fathoms, and 
from the points @ and c, with an interval of 20 fathoms, 
deſcribe two arches for an interſection at &, and j Join 
ab, bc, by right lines; then to complete the whole, Join 
all the angles of the glacis with thoſe of the covert way, 
QZ, Sc, Vb, Ta, RV, Cc. as the figure ſhews; hereby 
you will en the ridge on ene of the nn os 
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HE tenail is a work whoſe ſtructure ariſes from the 
lines of defence, and is made juſt before the curtin; 
it is not raiſed above the horizontal line, and ſometimes 
even a foot and a half, or two feet lower; it is covered by 
a parapet with one or two banquets. 
Ehe tenail ſerves to augment the defence of the bosse 
Fig. 15. The fire of the muſquetry from thence is more dangerous 
than that of the flancs of the place, ** razant, 


and 
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and nearer to the enemy. Sometimes a tenail is made with 
flancs, as the figure INOQPK. M. de Yauban, who 
invented the in. having at firſt brought into practice a 
tenail with flancs, Arwed gave the preference to a ſimple 
tenail, becauſe, as will be ſeen hereafter, theſe flancs could 
eaſily be enfiladed from the ramparts of the half-moon, 
which inconvenience is avoided in the ſingle tenail, for the 
ſtructure of a tenail with flanctss. 

1. Draw the line G H, parallel to the curtin Rs, 
the diſtance of three fathoms. | 

2. At the diſtance of five fathoms from the flancs R E, 
S F, and parallel to them, draw the lines G I, H K. 
3. Draw the lines of defence AS, B R, and from the 
point 'M of the flanking angle ſet off on both ſides 
MN, MP, each — 2 of the lines MI, MK; 
then ſtom the points N and P let fall the two i- 
culars NO, PQ, upon the lines of defence BR, AS; 
theſe perpendicular are for the flancs of the tenail, and 
the lines IN, PK, will give the faces: join O Q toge- 
ther to have the curtin of the tenail. 

4. The parapet of the tenail is made three fathoms 
thick, and is drawn parallel to the magiſtral line INOQPK. 
The terre plein is allowed fix fathoms at the faces and 
flanks, and only three at the curtin. The banquet is the 
ſame as that of the parapet of the body of the places; 
there are generally two at the faces and flancs. 

All tenails muſt have a ſmall foſsè cut in the middle of 
them for to admit of a communication from the body of 
the place to the caponiere and covert way, and a Bridge 
that joins the two parts of the: tenail to paſs from one to 
the other. 
The faces of a tenail with flancs may be of different 
lengths, according to the ſize of the curtin of the place; 
F but 
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nail; then three fathoms beyond it draw another 
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but the flancs are never to be allowed leſs than eight or 


ten fathoms. 
If the breadth ee betwixt the two parallels GH, 
and the curtin of the tenail OQ, was leſs than fix fa- 
thoms, begin to trace a parallel three fathoms diſtant from 
the line G H, for the terre plein of the curtain of the te- 
llel 
for the interior ſide of the parapet, and at — 
diſtance deſcribe the exterior border of the parapet, or the 
magiſtral line of the curtin of the tenail, which interſect- 
ing the flancs NO, PQ, at the points O and Q, will 
determine the length of thoſe flancs; if they are not 
found of the dimenſions above given, the Pre. & work is 


tobe rejected, and only a ſimple tenail is to be admitted. 


What gave the notion of a tenail with flancs, was the 
falſe bray formerly practiſed. The magiſtral line of it was 
ſet off at fix fathoms diſtance from the magiſtral line of 
the body of the place, and was drawn parallel to the faces, 
flancs, and curtin of the place, quite ſurrounding it. In 
this ſpace of fix fathoms was included the breadth of the 
parapet and banquet. Some only deſcribed the falſe bray at 
the curtin and flancs. 

The narrow ſpace of fix fathoms allow'd to the breadth 


of falſe brays, which were not ſeparated by any foſses 


from the body of the place, obliged the ſoldiers in the 
time of a ſiege ſoon to quit it, for the ruins of the body 


of the place immediately choked it up, and rendered it of 


no ule; for this reaſon M. de Vauban condemned it, and 
introduced the tenail, which being ſeparated by a foſsè 


from the body of the place, cannot be liable to the lame 


diſadvantages. 


. * 
* 
- 
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2 ſerib a : ſimple or fngh jonal. 


| prom as for the tenail, with Aancs to "_ DC pa- 
rallel to the curtin A B, at three fathoms diſtance; 
then draw the lines of defence OB, PA; afterwards make ” 
DF, CF, parallel to the flancs A G, B . leaving a ſpace Fig. 16. 
of five fathoms; make the breadth of the parapet with 
the banquet as already laid down, and its'intetior fide pa- 
rallel to the magiſtral line E MF, and draw K V, VN, 
arallel to the interior ſide, and five fathoms nearer to the 
body of the place, for the breadth allowed to the terre 
ein of pO. tenail, which is deſcribed by the figure 
EMFNV. - The little foe muſt be made, as in 
the former, at the point M, to divide the tenail afunder. 
* e the lines K X, NV, which determine the Fig. 17. 
terre plein of the tenail, fall upon the line D C at the 
points X and Y, the middle part of the tenail R$ is 
made parallel to the line X V, or to the curtin of the 
place A B, This part is determined by drawing a parallel 
to the line X V at three fathoms diftance, to make the 
terre plein of the tenail before the curtin; and laſtly, to 
this parallel another at the ſame diſtance to determine the 
chick nel of the parapet in that part; this laſt parallel will 
give the exterior fide RS of the parapet, which is deter- 
mined by the interſection of the lines of EM, MF, at t the 
points R and 8. 


De " Brufture of - the caftniere De | | / 
EN AILS are ſeldom made but where the folds 3 
filled with water; and whenever they are deſigned to 
be raiſed in dry folscs, — muſt be added, 
2 A 5 
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A caponiere is nothing elſe than a double covert way 
12 or 15 feet broad, made acroſs the bottom of the folse, 
from the middle of the curtin to the oppoſite re-entering 

le of the counterſcarp; on either {ide it is palifaded, 
and its parapet, which is only raiſed three feet 3 the 
level of the bottom of the foſke, is made to loſe itſelf in 
an inſenſible ſlope like a glacis, at the diſtance of 10 or 
12 fathoms from its interior ſide; its terre plein is ſunk 
three feet deep, ſo that the whole height of the pa- 
rapet is ſix feet. There i is alſo a banquet, as in the covert 
wa 

For the 88 of * caponiere, draw the 2 of 
defence E H, G F, to have the flanking angle CB D, and 
from the angular point B to the re- entering angle A of che 
counterſcarp draw the right line B A, and on each fide 
make, at the diſtance of ſix or ſeven feet, the two paral- 
lels, as in the figure; theſe lines falling on one fide upon 
the lines of defence, and on the other upon the counter- 
ſcarp, will fix the length of the caponiere; laſtly, to finiſh 
it, make its banquets and the exterior borders of its glacis 
according to the meaſures juſt now mentioned. a 

Wherever there, is a caponiere, there is generally made a. 
angle tenail, O B P, in the bottom of the foſsè, having a 
parapet like that of the caponiere, and is deſcribed by the 
lines of defence O B, BY, with a * of 10 or 12 fa- 
thoms broad. 

The principal uſe of the caponiere is to render the be- 
ſiegers paſſage of the foſsè more dangerous, and cover the 
beſieged in their paſſage to and from the covert way. That 
the ſoldiers may not be diſcover d as they come out of the 
caponiere, the re- entering angle of the counterſcarp is 
cut off, this is done by making AL and AK each 
cg or ten fathoms, and drawing the right line L K. 


Sometimes 


- * * * 
. 
* 
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Sometimes there is made a cavity, as LM N K, which 
alſo has the figure of the ſegment of a circle. 
Formerly the top of the caponiere was covered with 
ſtrong planks, whereon much earth was laid; ſmall loop- 
holes were made thro' the planks or walls at the ſides to 
fire upon the enemy, but the ſmoke» being very troubleſome 
to thoſe within, and their fire not ſo free as when open, 
occaſioned theſe forts of covers and ſides to be ſuppreſſed. 


To auer. the profil of a ſection of the rampart, fe oe, 
covert way, and glacis of a fortification. 


W E have already explained the meaning of an orto- 
graphical ſection or profil; to deſeribe it we muſt 
ſuppoſe a work to be cut from top to bottom by a plane 
ndicular to the horizon; but it muſt be conceived that 
the meaſures are taken for the profil according to the known 
breadths of the ſeveral parts, and not upon the line d e, 
which cannot be drawn at- right angles with all the lines 
of the Plan, and therefore where it is not, the meaſures Fig. 19. 
taken upon it would prove falſe. 
To deſcribe the profil of a fortification, begin by * 
making a ſcale of due proportion, many times greater 
than that of the plan; this d done, draw the horizontal line 
AB, to expreſs oh ſurface of the ground. All the parts 
above this line ſhew what has been raiſed, and thoſe below 
it what has been funk below the ſurface of the ground; 12 
from the point A to C, upon the line A B, ſet off Dur 
fathoms and a half, allowed for the interior talus of the 
rampart; at the point C raiſe the perpendicular C D 
three fathoms for the height of the rampart, and draw the 
indefinite line DN parallel to AB; make DE five fa- 
thoms for the breadth of the terre plein of the rampart, 


excluſive of the banquet; at the point E raiſe the per- 
| * 
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pendicular E E of two feet for the height of the ba 


of one foot, this will re 


5 — 
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and draw FH to DN; mike F. and Ol des 
feet each, and join E G for the talus of the banquet, G H 
ſhews the breadth of the upper part of the banquet. ice 
At the point H raiſe the petpendicular H I four ſoet and 

a half for the height of the parapet above the banquet; 
from the point I drau) I K. parallel to DN; ſet off TL 
one foot and a half, and join H L for the interior ſide of 
the parapet; make L. K three fathoms for the thickneſs of 
the parapet, and from the point K let fall the perpendi- 
cular K P, prolonged indefinitely beneath the Horizontal 
Line AB; give to K M two feet and a half, and draw the 
line LM for the ſuperior talus of the parapet; this tals 
admits the ſmall-ſhot to fall on the Glacis, and in the 
covert way even to the border of the counterſcarp; other- 


wiſe, let the line I, K be prolonged, 83 that 


direction would go far heyond the extremityſof the glacis, 


which, if — of had paſſed, he would not be annoyed 
in the leaſt by the 3 the ramparts of the place. 

The line K P will be interſected at che point. N by the 
line DN; at this point deſeribe a ſemicircle with a radius 


the cordon, which, when 
the works are lined quite to the top, is always on a 1 
with the terre plein of the rampart. 

Allow from N to P fix fathoms, and fromthe.» 

draw the indefinite line P parallel to A B, this line — 
the bottom of the foſsè, the depth of which below the 


horizontal line is equal to the height of the rampart.above 
this line, not including the para 


Set off from N to O five feet for the thickneſs of the 
lining at the cordon, and draw the indefinite line O Q 
parallel to the line NP, for the interior fide of the lining. 


Upon 
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Tag EIEMTNTS OF FORTIFICATION. 


Upon the line Pu give to PR ſeven feet for the talus 
of che maſonry or brick-work, this is about the fiſth part 
of the height NP; join N R for the eſcarp or exterior 
fide of the lining; afterwards make RS one foot for that 
part of the foundation which jets out beyond the eſcarp, 
and draw:S T, perpendicular to P, two or three fathoms 


lower than the bottom of the foe, to which make TQ 


parallel to interſect O Qin the point . 

To deſcribe the lining of the parapet, commonly called 
the tablet, draw the line Y & parallel to N M at three 
feet diſtance, which yu ſhews the thickneſs allowed to 

this lining. 

If hs profil of this ſoction is deſigned to fall upon a 
— that is a pillar placed to ſupport the wall, 
give to the line O V nine feet, and draw VX parallel 
to O Q, and the gore; O QX V wu repreſent the profil 
of the counterfort. 

The terre plein of the rampart: is made ſloping for the 
rain-water to run off, therefore take one foot and half 
from D to W, and join WE for the ſuperior part of the 
parapet; likewiſe A W to expreſs the interior talus of the 

rampart. 

For the breadth of the Fol, ſee whe is in the ichno- 
graphical plan; we have made it 20 fathoms, therefore 

that extent upon the line P of the profil from 
p to , and at the point raiſe a perpendicular to meet 
the horizontal line at the point n, which is the border 
of the counterſcarp; at three feet from the line draw 
the parallel 2 ; to have the thickneſs of the lining, make 
2 three feet alſo, and join # n for the talus of the lining 


of the counterſcarp; then finiſh the foundation propor- 


tionably in the ſame manner as that of the rampart. 


For 
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For the profil of the covert way and glacis, take. four 
fathoms from n to c, and at the point c raiſe a perpendi- 


cular cd two feet high for the banquet, let 4 f contain 
one fathom, and be drawn paral 


lel to A B, which divide - 
into two equal parts, ſo that e , be three feet; join ec 


for the talus of the banquet, at the point f raiſe a per- 


pendicular f Hof four feet and a half for the height of the 


Fig. 20. 


Fig. 21. 


parapet of the covert way above the banquet; bring down 
/ f to interſect A B at the point 7, and for the breadth of 


the glacis make the interval from 7 to g 20 fathoms; then 


join /g to repreſent the ſloping of the glacis; make the 
diſtance from / to þ of one foot, and draw the right line 
f to have the interior ſide of the parapet of the covert 
way. Thus the whole prefil is finiſhed after you have 
marked out the paliſade upon the banquet, as is ſeen in 
the figure, it is ſix or ſeven feet long, and has its head 
ſtuck with ſome few iron points to catch the aſſailants by 
their cloaths or accoutrem ene. 
We have juſt now ſaid, that a counterfort is a pillar 


placed within the earth of the rampart to ſupport the wall, 


their diſtances one from another is never more than be- 
twixt fifteen and twenty feet, and they are always raiſed 
as high as the cordon of the lining, or two feet higher, to 
ſtrengthen the parapet. The figure deſigned to ſhew the 
ſtructure of their plan, will ſerve for us to explain the 
different parts; AB is the interior ſide of the lining; the 
line CD is called the rot of the counterfort, and EF is 
denominated the zai/; IH is the length of the counterfort. 
M. de Vauban has calculated a particular table for the 


ſolidity of counterforts in the following manner; he af- 


firms to have known it ſucceſsfully put in practice at 1 50 
fortified places. | ina 
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Tur EIrurNTSOor ForTiFICATION. 41 
I be thickneſs of a counterfort ten feet high, at the 


root is three feet, and increaſes in proportion one foot 
for every ten feet of elevation; ſo that let the height be 
36 feet, the thickneſs at the root becomes five feet ſix 
inches. a i 200.24) ; EY 

The length of a counterfort intended to ſupport a lining 

ten foot high is four feet, and for every ten feet more in 
height it is allowed two feet; thus for a counterfort 36 
feet high, the length is nine feet. 5 

I he thickneſs of a counterfort at the tail, of ten feet 
elevation, is two feet, and as it is raiſed higher give 
to every ten feet, eight inches; therefore ſuppoſe the 
height 36 feet, the thickneſs at the tail is three feet eight - 
inches. 425122 

There are works lined three quarters two thirds, or only 

half the height of the ramparts; their profil is deſcribed 
by knowing their meaſures, and proceeding in the method 

_ juſt now given. Ws | 
The thickneſs of a half or three-quarter lining for a 
rampart, is the ſame as if the lining was continued to the 
top; for example, if there was fifteen feet of turf raiſed 
above the lining twenty feet high, the thickneſs of the 
lining at the top muſt be increaſed, three feet, which 
added to the five feet already given, makes it eight feet 
thick, 1 5 ON. © a 
The ſize and ſolidity of counterforts is augmented in 
proportion to the elevation of the rampart; for example, 
ſuppoſe the height of the work from the bottom of the 
ſoſsè 35 feet to the top of the rampart, 20 of which were 

' lined, and the other 15 feet of turf; the counterforts muſt 
be allowed the fame dimenſions as if they were deſigned 
for a lining 35 feet high, for the ſame thickneſs is allowed, 
- PRs = © 8 to 
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to a lining 20 feet high, intended to ſupport the preffure of 


earth raiſed upon 


from M. de V aubam, but we will cloſe a ſubject not de- 
ſigned to be treated of in theſe ſheets. | | 
The repreſentation of the profil of a caponiere is not 

Fig. 22. omitted, whoſe plan is deſcribed in the foregoing ſection. 
When the rampart is made without any lining, there is 
a little 
the foot of it without, to prevent the earth falling into 


Beſides the paliſades upon the banquet of the covert 


way, there are others named ſraiſes, of ſeven or eight feet 

long, driven almoſt half way into the earth of the ram- 

part on its exterior ſide, when not entirely lined, and a 

little below the parapet; they are not fet parallel to the 
horizontal line, but preſent their points floping towards 

the field, and are of uſe to prevent deſerters from the ga- 

Fig. 23, riſon, and ſurpriſes from an enemy. There are four aide 
24, 25, rent profils of ramparts added, which will ſerve to give a 
20, 27. general notion how the profils of the ſections of any works 
are deſcribed, the different meaſures of the heights and 
breadths being given. 

We have choſen to lay down in this, and the next 

chapter which treats of the outworks, &. the conftruc- 

tion of M. de Vauban, becauſe it is the moſt eaſy; yet 

there could have been introduced a ſyſtem different from 

all others, and conformable to the maxims already efta- 
bliſhed : Therefore it is proper to obſerve, that the mea- 

ſures hitherto or hereafter mentioned are not fo abſo- 
lutely determined, but that a perſon of skill and pru- 

dence may either increaſe or diminiſh them as he ſees 
occaſion for ſuch variations; however it muſt be in ſuch 

; a 


x it 15 feet in height. Theſe remarks are 


ſpace, called the her me, of four ot five feet, left at 


; 
3 
8 
4 
8 
. 
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a manner as not to prove contrary to the moſt eſſential 
maxims of the art; let the following inſtance explain gur 
meaning. 5 


* 


give only the fifth part of the exterior polygon to the 
perpendicular; this would make the baſtions more ſpuc icus, 
and the flanked angles leſs obtuſe. - ; els 


G2 -.. . CHAPTER 


In all polygons above the eptagon, it would be better to 
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Or THE OUTWORKS. 


— 


0 TWORKS is the general name for ſuch- pieces of : 
AF£z fortification as are raiſed beyond the foſsè of the 
place. They were invented to increaſe the ſtrength of a 
place, and ſerve to cover the bridges, gates, and other 
weak parts; to join to the fortifications of the town any 
eminences that command it, if they are not at too great 
a diſtance; to incloſe the ſuburbs; in ſhort, to lengthen 
out the time of the defence, becauſe the beſiegers muſt 
make themſelves maſters of the outworks before they can 
advance to the body af. the place. The moſt common 
and uſeful of theſe ſorts are half-moons, counter-guards, 
horn and crown-works,. great and ſanall. Lunetts, &c. 

The diſpoſition of the figure for any of. theſe works, is 
eſtabliſhed upon, the ſame principles which have been laid 
down for the ſtructure of the fortificationg that ſurrounds 
the body of the place. There muft be no part in any 
one of them but what is ſeen and flanked either by the 
body of the place, or by ſome other part of itſelf, or by 
ſome adjacent outwork ; ſo that the enemy cannot place 
himſelf any where without being diſcovered. And as it has 
been judged neceſſary that the fortification of the body of 
the place ſhould be made capable of being defended by 
muſquetry, as well as by great guns, for this reaſon no 
parts of the outworks muſt be rendered incapable of re- 
ceiving likewiſe their defence from musketry; therefore 
thoſe which are flanked by the body of the place muſt 
not be above musket-defence from the parts that flank 
them; moreover, the other patts '6f outworks which mu- 

| tually 
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tually defend each other, muſt be within the extent al- 
lowed for the defence of the muſquet that has already 
been fixed from 120 to 140 fathoms; they have ramparts. 
and parapets, as there are to the fortification of the body 
of the place, but what is particularly to be confidered in 
the ſtructure of outworks is, ? tb) 
I. Their conſtruction to be ſuch, that after the be- 
ſiegers have drove the beſieged from any one of them, and 
have taken it, they find it impoſſible to cover themſelves 
in it from the fire of the place, or of the other out- 
works. | TEN + 

IT. The ramparts of outworks muſt be lower than that 
of the place, which ought to command them. When there 
are ſeveral outworks, one before the other, that which is 
neareſt to the place muſt have its rampart three feet lower 
than that of the place, and the outwork which is raiſed 
juſt before this muſt have a rampart three feet lower yet, 
and ſo on; for example, if there were three outworks juſt 
before one another, and the rampart of the place ſuppoſed 
to be raiſed eighteen feet, the rampart of the firſt out- 
work neareſt to the place would only be fifteen feet; that 
of the ſecond, twelve feet; and that of the third or exte- 
rior one, nine feet; thus the outworks neareſt to the place 


command thoſe: which are more remote, and the rampart 


of the place commands them all in general. 
HI. Every outwork muſt be ſurrounded by a foſsè which 
communicates with the foſses of the body of the place, 
and is made as deep if they are to be filled with water, 
otherwiſe it is leſs deep, that the foot of the ramparts of 
the outworks may be more eaſily defended by ſuch parts in 
the fortification which flank them. The breadth of the 
foſsès of all the chief outworks is ten or twelve fathoms, 
and their faillant angles are made circular, as it has been 
done for the foſsè of the place. IV. The 
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IV. The parapet for the outworks is as thick as for the 


body of the place, becauſe every where it muſt be 
againſt the ing of cannon. The terre plein of the 
rampart for outworks is three or four fathoms broad, and 
its talus in ion to its height. 0 
Obſerve, when you deſign to draw any outworks to a 
plan, not to admit any line beyond the line of coumterſcurp 
that fixes the breadth of the foftes, but hat ſerves for the 
ſtructure of the work that is to be deſcribed. 


To deſcribe a half-moon, 


1 half-moon L MN, formerly called a ravelin, is 
a work almoſt of a triangular ſigure that is raiſed 
before the curtins, and conſiſts of two faces LM, MN, 
making a faillant angle L MN, with two demigorges 
RL, RN, taken upon the oounterſcarp of the place. 

For the ſtructure of a half- moon before a curtin 3 F, 
you muſt make two points O P upon the faces 1 E, H 2 
of the baſtions, at four fathoms diſtance from the angles 
of the ſhoulder E and H; then from the point F, taken 
as center, deſcribe an arch, which is to be interſected at 
the point M by prolonging outwards the perpendicular B R, 


Fig. 1. this interſection gives the ſaillant angle of the half-moon. 


” „ 
— — — rr n 
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Draw the lines MO, M P, which interſect the counterſcarp . 
at L and N, and the faces are determined by the M L, 
and MN; the demigorges of the half-moon are expreſſed 
by the lines LR RN; the line RM, extending from 
the re · entering angle of the counterſcarp to the failknt 
angle M, is called the capital of the half-moon. 

- The parapet and rampart: of the half- moon, with the 
talus, are drawn parallel to its faces and their breadths, 
'according to the meaſures we have faid were allowed in 
<5. general 


— 
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counterſcarp of the place; 
muſt be made circular, as it was my . before the flanked 
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general to outworks; thoſe parts in them, as the gorges, 
which look towards the place, are left without any ram- 


part, becauſe it could only ſerve to cover the beſiegers, 
when lodged therein, againſt the fire of the place. 

The foſsè of the half- moon is twelve fathoms, whoſe 
counterſcarp is drawn parallel to its faces till it joins the 
before the ſaillant angle M it 


—_— of the baſtions. 

he following obſervations are not to be paſſed by. 
1. The — he uſe of the half-moon is to cover the 

curtin, the flancs and the gates. Moreover, the faces of 


the baſtions being only defended by one flanc, the enemy, 


in their approaches to that part of the covert way before 
the faces, is fired upon but very obliquely from the face of 
the e baſtion. The half-moon affords a very direct 
fire, the firength it adds in general to the body of 
Wn The parts O, Pn, of the faces of the baſtions, 


taken in by the faces of the halſ- moon and its counter- 


Larp being ed, ſerve as flancs; for they not only 
dank the faces of the half- moon in their whole extent, but 
alſo its fo. The reaſon for not making the faces of the 
half- moon to fall upon the angles of the ſhoulder E and H, 
ing four fathoms from E to O and from H to P, 
is, that the thiekneſs of the parapet at the ſhoulder would 
prevent the faces of the half moon being defended by a fire 


equal to the breadth of its foke. - 
3. To increaſe the defence of the foſsè a faces of the 


half- moon; whenever the foſsè is dry, at the bottom of it is 
made a ſort of place of arms, as at n, with only one parapet 
drawn perpendicular to the faces of the half- moon, and 
takes up the whole breadth of the folse, excepting a - mall 

pace 


4% 
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ſpace next to the counterſcarp. This parapet is raiſed three 
eet above the bottom of the fofse, and is ſunk three feet, 
It has a glacis and banquet like thoſe of a caponiere, and 
is paliſaded in the ſame manner. Theſe places of arms are 


made in all dry foſsès of the outworks. 


4. Sometimes flancs are given to half. moons, ad then 


they reſemble baſtions detached from the r of 
the place. 


To deſeribe the — of a 1 a be d, ghe 
bg, dh, taken upon the faces, each ten fathoms ; after- 


wards 6 e, and d f, are allowed each ſeven fathoms, taken 


upon the counterſcarp ; join g e and þ f by right lines, and 
the flancs of the half-moon are deſcribed; they are to have © 


a np. and parapet the ſame as the faces, 


5. Sometimes a ſmall half-moon, called a wel is re- 
quired within the great one. The capital @ / of this 


uit is 2 its faces are parallel t 
thoſe of the great half: moon. The parapet ar a-reduit 5 


a brick or ſtone wall a foot and a half thick, with ſeveral 
loop-holes or chinks made in it for the muſquetry to fire 


3 ; its foſsè is from Sour to fix fathoms broad, and 
allel to its faces. 


The reduit ſerves as a retreat for the ſoldiers who are 


| poſted i in the half-moon whenever the beſiegers are likely 


tempts to lodge themſelves therein. 


to become maſters of this laſt work, and the fire from the 
reduit greatly annoys and perplexes the _ in their at- 


6. — — are raiſed before all and de curtin of 


the place. 
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| To aerib a bal moon with lunerts. 


3 


0 abgeben the Arength of the place; the Ralf sb 
is often covered by two works, one upon each face, 
which taken together are called lunetis. There are of the 
ng and leſſer ſort. The great lunetts cover entirely the 
ces of the half. moon, and the leſſer only part of them. 
1. To deſcribe the great lunetts: Having finiſhed the 
ſtructure of the half moon, and of its foſsè, prolong the 


faces B D, CD, indefinitely beyond its counterſcarp, and 


fromm che Border E. 'of — counterſcarp make EF go fa- 
thomis, and the point H , give to HG 15 — then 
join GF, and you will have half of * whole 
faces are repreſented by GF and FE, and the demigorges 
by HE and HG. Perform the ſame operation upon the 


other: face CD of the half moon, when prolonged, and 


the lunett will be intirely compleated. 

For the rampart; parapet, and foſsè of the lunett, which 
are traced parallel to its faces, their height, breadth, &c. 

may be taken from the obſervations laid down for theſe 
parts of the ſtructure of outworks in general. In the 
middle of the great lunett, for the moſt part, is made a 
retrenchment I H, which is nothing elſe but a rampart 
and parapet deſcribed parallel to the ſhort face E F, toge- 
ther with a foſsè three or four fathoms broad. The ſupe- 
rior talus of the parapet of the lunett muſt be in ſuch a 
direction, that being prolonged, it either falls upon the 
banquet, or towards the middle of the oppoſite covert 
way. 
The bosse of the lunett is defended by the ſame faces 
of the baſtion which flank the half- moon; the foſse of the 


retrenchment i is flanked by the face of the half-moon. The 
H flanked 


49 


Fig. 3. 


Fig. 4+ 
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Aanked angle F of * lunett muſt always have at leaſt 


60 degrees. 
The ae ang le K of the counterſcarp of the 
lunett is fortified by a fort of ſmall half-moon, whoſe de- 


migorges taken upon this counterſcarp. are allowed 10 fa- 
thoms, and the faces 1 2 fathoms; dare eg thereof is five 
or fix fathoms broad, and is. parallel to its faces. The 
defence of this work is taken We Mort faces of 


the lunett. 
2. To deſcribe the Gnall lunett upon esch face of a 
leE dof the counterſcarp, 


half- moon, at the re- entering ang 
take x5 fathoms bam K 49. C 20d from E to B, for the 
demigorges; then for its faces. from the points C and B, 
taken as centers, with an interval of 20 fathoms, deſcribe 
an interſection at D, and join BD, CD; repeat this con- 
ſtruction, on the other ſide of the half- moon A, and yeu 
will have compleated the. two ſmall. .lanctts. G and H. 
Draw only a parapet parallel to thei faces; with a, foke 
fix fathoms broad. This work is flanked by the faces of 
the half-moon and thoſe of the haſtion. When the balf- 
moon is taken by the belaegers, the folses hefore the face 
D-C of the lunett is not flanked, from any part of the 
place, and may ſerve to cover the enemy. Moreover as 
this work is leis raiſed. than, the half-moon, it is therefore 
commanded. from thence; this obliges the to leave 
it immediately after the taking of the half- moon. Thus 
two — faults are e in the ſtructure of the 
{mall lunetts, which is ſuffcient to prevent their cyer being 
brought into practice. 

The ſame CE ans likewiſe attend the little half- 
moon K, deſcribed at the re- entring angle of the coun- 
terſcarp of the. great lane. 


To 
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To deſcribe a counter-guard. 


HE counter-guard is a work that covers the faces of Fig. 2. 
a baſtion, for which reaſon ſome authors have alſo 
named it cover-face. It conſiſts of two fates that form a 
faillant angle before the flanked angle of the baſtion. 

For the ſtructure of a counter · guard before a baſtion X, 
the half- moons 4 and g adjacent to this baſtion being 
traced. with their foſsès, take upon their counterſcarp the 
parts A D, T V, each of them 16 fathoms; and from the 
points D and V draw the two lines D C, CV, parallel to 
A G, 5 T, which is the count of the faces of the 
baſtion X. Theſe two parallels will interſect each other at 
the point C, and form the ſaillant angle of the counter- 


guare, whoſe, faces are repreſented by the lines CD, CV, 
y are flanked by the faces of the adjacent half-moons, 
but formerly had flancs of their own, which have been 
aboliſhed becauſe the beſiegers, when maſters of this work, 
uſed to-batter the half-moons from thence. 

Ihe uſe of the counter d is not only to cover the 
baſtion before which it was raiſed, but likewiſe the flancs 
of the oppoſite and flanking baſtions, ſo that the enemy 
muſt be lodged therein in order to diſcover them. 


75 deſtpibit' ts lv, wurl. 
HE horn-work. is compoſed of two long ſides and a 1 
front of fortification, viz. of a curtin and two half- 


baſtions. This out-work is ſotnetimes placed before a Fig. 5. 
baſtion, but moſt commonly before the curtin. 18 


H 2 | To 


I 


I, 
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To trace a horn-work before a curtin E F, the perpen- 
dicular that was made to fall inwards fm the exterior 
fide for the; lines of defence muſt be prolonged indefinitely 
towards the field, and from the re-entering angle Q of the 
counterſcarp take upon this perpendicular QL 120 or 
125 fathoms, and at the point L raiſe the perpendicular 
O P, prolonged on either ſide the point L. Upon the line 
OP ſet off LO and LP 66 or 70 fathoms each; then 
mark the points A and B upon the faces of the baſtions, 
at ſix fathoms diſtance from the angles of the ſhoulder 


C and D, and through the points O and A, P and B, 
draw the right lines OM, and PN, which muſt be de- 
termined at the points M and N , by their interſection with 


the counterſcarp of the place. Theſe lines are the wings 


or long ſides of the horn-work and OP is deſigned for 
the exterior ſide of this work. It is to be Greed by 


taking upon the perpendicular L. Q. I. R. of 18 fathoms, 
if you have made LP 70 fathoms; which if only 60 fa- 


thoms, LR muſt not —_— 15 fackinind: Then from the 
points O and P, and through the point R, draw the lines 
of defence O X, PV, upon which take the faces O T and 
PS 40 duden each if LP meaſures 70 fathoms, and 
only 3 5 fathoms if LP is not more than 65 fathoms. Then 
finiſh the flancs and curtin in the ſame manner as thoſe 
of the body of the place. 

The foſsè of the front of the horn - work is 1 2 fathoms 
broad, and is deſcribed like that of the body of the place. 
The foſsè of the wings is of equal breadth, and is — 
parallel to them; the rampart and. parapet are deſcribed 


like thoſe of the half- moon. 


In the ſtructure juſt now laid down, we muſt have i in 
mind the following Conſiderations. 


1. That 


TE ELEMENTS Of FORTIFICATION. 


1. That the flanked angles O and P of the half. baſtions 
of the horn-work be not leſs than 60 degrees; if they 
did not contain 60 degrees, the exterior fide OP muſt be 
made ſhorter. 

2. That whatever be the length of the fide O P, the 
perpendicular LR muſt always be about the eighth part 
of the ſame fide, and two ſevenths thereof muſt be given 
to the faces. | 
3. The wings, long fides, or branches of the horn-work 
(for they bear theſe three names) are flanked by the faces of 
the baſtions whereon they fall; the front of it defends it 
ſelf, as evidently-appears from its diſpoſition. 
43᷑. Beſides the horn-work raiſed before the curtin E F of 
the body of the place, there is made a half- moon V, as 
before the other curtins. 
5. To render the horn-work of greater ſtrength, two 
retrenchments, 1 and 2, are made therein; to trace them, 
raiſe perpendiculars upon the middle of each face of the 
half- moon, which prolong to meet the long ſides of the 
horn- work; theſe lines being drawn, repreſent the exterior 
ſides of the retrenchments; they have a rampart and pa- 
rapet like thoſe of the horn-work; without, and parallel 
to theſe lines, make a foſsè five or fix fathoms which is to 
communicate with the foſse of the half-moon, and is 
flanked by its faces. | 5 4 
6. Before the curtin of the horn- work is generally made 
a half- moon; it is deſcribed in the ſame manner as that 
which covers the curtin of the body of the place; its 
foſsè is ſeven or eight fathoms broad, and is parallel to 
the Fee. iat 


To 
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E e a horn-work before the fanked angle of 
| a baſtion. 


ROLONG outwards and indefinitely the capital of 
the baſtion X, and from the flanked angle C take 


Fig. 7. about 100 fathoms for the line CD; at the point D draw 


the line ADB at right angles with the line C D; give to 
DA and DB each 70 fathoms; make DE the fixth part 
of the front A B, or 23 fathoms; from the points A and B, 
and through the point E, draw the lines of defence inde- 
finitely ; take two ente of the ſide A B or 40 fathoms, 
for the faces of the half-baſtions of this work, the flancs 


For the wings of this work, mark the points F aid G 
upon the faces of the collateral half-moons rt and 2, at the 
dldance of 15 fachome K; then 
from the A and B, in the ſame direction with 
AF and BG, draw the wings AL and BM to fall upon 
the counterſcarp of the half-moons 1 and 2. 

The rampart, parapet, and foſse, the fame as for the 
horn-work before the curtin. 

In this ſtructure is to be obſerved, 

1. That the of the work are flanked by the parts | 
NF, GO, of the half-moons x and 2 | 

2. That the wings might have been Aanked by the faces 
of the baſtions X, but this would have rendered the angles 
of the het betone too acute, and the defence of thoſe 
wings too oblique. 

3. A horn-work placed before a baſtion may alſo be 
flanked from the curtins which are on each fide the baftion 
cover'd by the horn-work; but then the front of it muſt 
not extend ſo far out in the field, becauſe the angles 

; A 


and curtin are finiſhed as in the former. 


— 
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A and B muſt be within muſquet- ſhot of the parts which 
flank them. | | ſer 


. Whenever the wings of a born-work are drawn 


nearer to each other towards the place, than they are at the 
front, it is called a ſwa/low's tail; and if occaſion requires 
that they ſhould be made more diſtant from each other at 
their extremities towards the place than at the front, it is 
then faid to be a ſwallom 's tail reverſed. 


To deſeribe a crown-work. 


MS: www oddly of wwe fea of fortifice 


tion, having an entire baſtion betwixt two curtins 

and two half-baſtions, upon the wings, which are the fame 

as for the horn-work. It is placed before the curtin, and 
likewiſe before the baſtion, as occaſion requires. 

To trace a crown-work, before the curtin A B prolong 

indefinitely towards the field the perpendicular that ferved 

for the ſtructure of the body of the place, and from the 


point L (the re- entering angle of the eounterſearp) as center 


with an interval of 140 fathoms, deferibe an indefinite 
arch HK which will be interſected at the point K by 
the perpendicular prolonged, Then the point K bein 

taken as center, with an interval of 120 fakoms, inter 
the great arch at the two points H and I, and draw the 
right lines K H, K I, for the exterior {des of the crown- 
work, whieh are fortified in the fame manner as that of 
the hornwork ; only obſerving to allow 20 fathoms for the 
perpendicular raiſed upon each exterior ſide, this makes it 
a ſixth part thereof; for the faces of the baſtion, and of 
the two collateral half-baſtions, two ſevenths are given, or 
35 fathoms; for the wings of this work, mark the two 


points C and D upon the faces of thoſe baſtions _ 
which 


Fig. 6. 
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which it is raiſed ; at the diſtance of ten fathoms from 
the angles of the ſhoulders E and F, in the directions of 


CH, DI, draw the right lines HM and IN, and theſe 
will be the win gs; — Points M and N fall upon * 
countericarp of a th place. 

There may be raid before mch Sant Alben 0, o. 5 
as practiſed for the front of the horn · work. | 

A crown-work deſigned to be raiſed. before a baſtion is 
traced by prolonging the capital 130 or 140 fathoms, and 
from the flanked angle of that baſtion, taken as center, 
with a radius of 130 or 140 fathoms, deſcribing an inde- 
finite arch to interſect the capital prolonged; then on each 
{ide the point of interſection, with an interval of 1 20 fa- 
thoms, mark out the angular points of the two half- 


baſtions, and trace the two exterior 64 Which * ac- 
cordingly. : 


The extremities 7 ge wings i: >ricarr 
of the faces of the baſtion in che. dation. jr ya point 
marked out upon the faces at 15 or 16 fathoms diſtance 
from the angles of the ſhoulder; What remains is finiſhed 
as above for the crown-work before the curtin. 

In the ſtructure of the foregoing work we muſt obſerve, 

1. That the two — are capable of deſending them- 
ſelves, and that the wings are flanked by. the faces of the 
baſtions. f 

5 ales. of abe bell haftins ——__ not be leſs 


than 60 degrees. If they are found too acute in the 


ſtructure of a crow n- work before a baſtion by making the 
wings to fall upon the faces of that baſtion, they muſt 
be Grecded to fal B the faces of the collateral halt- 


INOONS. 


3. The point K, or flanked angles of the entire baſtion, 
might be advanced much further out in the field, which 


ſome- 
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ſometimes is neceſſary for the incloſing within the work 
a greater extent of But to determine how 
far the point K may be allowed to advance, draw the line 
HI, which will be divided into two equal parts at the 
point R by the perpendicular L K; then make the interval 
from R to 8 upon icular, equal to R H or R I, 


1 the 
and the point 8 is the furtheſt that the flanked angle of the 
entire baſtion can be allowed to advance. Thus any point 
that is contained betwixt 8 and K may be taken for the an- 
gular point of that baſtion, which let us ſuppoſe to be T, 
and draw the lines S Hand T H, or either of them; for 
one of the fronts, which fortify as uſual; obſerving, that 
if the point 8 is fixed upon , or any other betwixt 
8 and the point T, which divides 8 K into two equal 
parts, the perpendicular made uſe of to fortify the exterior 
fades of the crown- work muſt be only equal to an eighth 
part of the exterior ſide. If the point IT, or any other be- 
twixt T and K, is fixed upon for the angular point of the 
entire baſtion, then the perpendicular muſt be equal to a 
ſeventh part of the exterior ſide. wat 
The flancs.of horn-works and of crown-works may be 
deſcribed concave with orillons, in the ſame manner as 
was given for the flancs of the body of the place. 
. Having ſurrounded a fortified place with the outworks 
that were judged neceſſary to add, the covert way, with 
its glacis, muſt laſtly be traced round the counterſcarp of 


the moſt exterior works, in the manner that has already 
been laid down. | 
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Fig. 8. 


Fig. 9. 


thoms broad, and fix feet and a Half high, 


them 
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o e. 1 ond; — of the 
) une IS 0 


"RAVERSES ave of — * dctols he 
covert way at certain diftances. Their length is the 
3 of the covert way, and they are three fa- 
the 
height of the banquet. It is always made on that ſide of 
the traverſe which is towards the re- entring angle of the 
counterſcarp. Their height on the other ſide towards the 
faillant angles is — A; prey Ang 
a ſuperior talus of two feet. 

The traverſes raifed at the aillant d are deſcribed, 
—— pet of the faces of the baſtions or half-raoons 


ing prolonged Thoſe at the re-entring angles 4 
n 
r 


„or by making 
parallel to the traverſes at the faillant 


line that afterwards determines the breadth or thickneſs of 
theſe works at the place of arms is not to fall within it, 
b of 
each face. 

Betwixt the traverſe and the parapet of the covert way, 
there is a ſpace three or four feet broad for the paſſing and 
repaſſing of the ſoldiers; but that this paſſage may not 
be enfiladed, chere are three different methods uſed to 
cover it, the firſt of which we prefer. 

The firſt is, when the paſſage is cut in the — of 
the covert way to make two turnings one before the other 
behind the traverſe, as repreſented by the figure C. 

The ſecond, wherein the paſſage is taken from the tra- 
verſe, and not in the parapet of the covert way, is cover'd 


by 
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by bringing forward in K erty before "the traverſe 
a merlon, as deſcribed in figure B. 

The third is, to make one turning before the ce, 
and join by a right line the exterior extremity of that 
turning the molt remote from the re-entring angle, to the 
interior extremity of the turning that is nearer to it, as is 
ſhewn by figure A. The French have called this laſt man- 
ner of covering — Cremilliere, from the reſemblance 
the figure it gives to the parapet of the covert SAY 
to a pot-hanger. 

There is no banquet given to the covert way in theſe 
paſſages. The breadth of thoſe traverſes at the ſaillant 
angles ought not to be equal to that allowed thoſe in the 

re- entring ; it ought to be only half, otherwiſe they 
ſerve the ers for lements after they are become 


maſters of the ſaillant angles; whereas were they only nine 
or ten feet, and liable to be overthrown' by the can- 


non of the befieged, the enemy muſt be more cautious in 
making his lodgment, or ſuffer greatly for his raſh attempt. 
M. — a German engineer, in his treatiſe of for- 
tifications, written in French, and printed at Augsburgb in 
1725, making mention of che covert way with the tra- Fig. 10. 
verſes as commonly traced out, ſays, 
« I have often wonder'd that the covert way has been 
« ſo much neglected, without any one's endeavouring to 
« make it ſtronger in itſelf than hitherto has been brought 
into practice, ſince in moſt ſieges the covert way, tho 
« of ever ſo weak a ſtructure, has given the greateſt 
ce trouble to the beſiegers in their attack; conſidering then 
the great uſe and advantage that this part of the fortifi- 
cations, even without any additional ſtrength, are to 
« the beſieged, what might not be expected if its faults 
were corrected, and its ſtrength increaſed ? „ 
1 2 cc 
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ſcribed, vis, 1. That as ſoon as the beſiegers 


prevent 
works againſt them, often became maſters of it ſword in 


I was ded it would not be thought unprofitable 
if 1 had a particular attention to ſtudy how much its 
ſtrength and defence could be im proved. y FT 

« I duly conſidered the faults of it, as mm de- 
were ad- 
vanced upon the glacis at the ſaillant — as at a, 
they can enfilade both the branches 4 c, & c, and hereby 
oblige the to move off. 2. The manner 
wherein the paliſades are diſpoſed; the beſiegers have 
always found means either to drive away or deſtroy 
thoſe who were in the covert way by the ſplinters, and 
ſo leap into it by main force. 3. Whenever the be- 
ſiegers were near enough to throw granadoes into the 
covert way, they proved exceeding troubleſome, and 
deſtructive. 4. Becauſe the covert way of itſelf afforded 
no ſupport, nor any ſafe places to retire in, and the 
enemy havi to intermix 


with the beſieged, and thus the fire of the 


hand without any great oppoſition. And sthly, The 
beſiegers having gained one of the ſaillant angles, be- 
come maſters of all the others; for the beſieged are 
left deſtitute of any ſafe retreat, or of any part wherein 
they could intrench and maintain themſelves. 
« To remedy all theſe inconveniencies, 1. Inſtead of 
five or ſix fathoms for the breadth of the covert way, I 
make it twelve fathoms broad, to give a ſufficient ſpace 
for the intrenchments. 2. I make uſe, with great ad- 
vantage, of Mr. Coehorns paliſades; (we ſhall have oc- 
caſion to mention them in a following part of this 
treatiſe, 3. I likewiſe make uſe of the leſſer place of 
arms d, not only to ſupport the great place of arms, 
but alſo for a retreat. + To theſe improvements I add 
cc A 
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a covered ca 


« make an exterior ſaillant angle, with a place of arms, 


« which covers the extremity of the caponiere and ſepa- 


« rates it intirely from the covert way, and gives a fire 
4 from the line a9, in caſe the enemy did attack any other 
e part than the faillant angle. 5. I place paliſades upon 
<« the counterſcarp along the line h i, to prevent the be- 
« fiegers ſeeing the beſieged in the rear from the glacis of 


« the oppoſite branch of the covert way.” For a more 


particular account of this ſtructure, we refer the curious to 
this book, wherein is laid down a larger plan, with the 
profil. | 

Traverſes are alſo made upon the capitals of baſtions, 


or of any other outwork againſt a dangerous command- | 


ment; this intention is alſo- anſwered by raiſing the ram- 


part and parapets higher at the point of the work, or at 


any other part as occaſion requires. 

Traverſes greatly prevent the effect of ricocher-batteries. 
Theſe are batteries whoſe cannon is only loaded with a 
quantity of powder ſufficient to carry the ball in the di- 
rection of the faces and flancs, &c. of the works which 
are attacked ; the ball thus expelled with no proportion- 


able force, ſoon meets the ground, and rolls and bounds 


thereon to the great deſtruction of all thoſe who ſtand in 


the direction of its courſe; it occaſions much more diſor- 
der, and proves more fatal being ſhot in this manner, than 
it would if the cannon was loaded with the full charge of 
powder. | 

M. De Vauban invented the ricochet, and made uſe of 
it at the ſiege of 44, in the year 1697. The quantity 
of gunpowder neceſſary for the ricochet is only found out 


by 


caponiere or coffer f, upon the diagonals of 
« the ſaillant angles of the covert way, whoſe diſpoſition 
« ſecures. the branches againſt any enfilades; beyond it I 
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Fig. 11. 


Fig. 12. 


Fig. 13. 
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by repeated trials upon the ſpot, and by theſe alone the 
gunners are able to judge which beſt ſuits their diſtances. 
Beyond the exterior border of the glacis, at the re- 


entring and ſaillant — — oftentimes are made other works, 
a an advanced foſs 


and an advanced covert way; they 
are intended to 


— the enemy at a greater diſtance, and 
prolong the time of a ſiege, and if properly diſpoſed add 


greatly to the ſtrength of the place. 
The firſt we ſhall mention are redowbrs, alſo called 


bonnets; theſe are made of earth er of maſonry „c. 
ines vaulted, bomb-proof, as thoſe at — 


Their gorges is a right line, and is 10 or 15 fathoms long. 
Their flanks, which are raiſed perpendicular upon the 
gorges are 10 fathoms, and their faces are 12 or 1 5 
ms. 
have a 


They parapet tions fathoms broad, {ix or ſeven 
feet high, with one or two nee 


or four: fathoms broad, and beyond it _y ſometimes have 
a covert way, as eres in the 

The communication theſe en ibs with the covert 
way is by a trench cut in the glacis, and that theſe trenches 
may not be expoſed to enfilades, they are ſecured by tra- 
verſes, and their entrance into the covert way oppoſed by 
a ſtrong barrier that opens and ſhuts. 

As for the half-moons, they are chiefly traced before 
the re-entring angle of the covert way. Having made 
your advanced folkd with the arrows X at the faillant 
angles, parallel to the exterior border of the glacis, and 
10 or 12 fathoms broad, give 20 or 30 fathoms for their 
capitals, and 30 or 35 for the length of each face, which 
is to be * 1 the advanced foſsè as is repreſented 


in the figure. 


The 
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The t of the covert way is to command all theſe 
exterior works, and they are to be contrived ſo as not to 
obſtru&t the fire therefrom, or ſerve for a cover to the be- 
ſiegers ; to — them of this advantage, and to diſ- 
hearten them more, thoſe works that will admit of it 

are generally countermined, _ 

. Laſtly, at a greater diſtance from the glacis there is often _ 
occaſion to raiſe ſome works of different irregular figures, Fig. 14. 
which are ſuited to the place they are made in, to prevent 

the enemy approaching by ſome ravin or hollow way, &c. 

They have a parapet, with a banquet, a foſse, and a covert 

way, with paliſades and a glacis. 


Of the place of arms, and of the tracing of the ſtreets, and 
of the public buildings in a fortified place. 


WV HEN the place deſigned to be fortified is not al- 
| ready occupied by ſome old habitation, nothing 
ought to be n that can contribute to make every 


art within it as regular as poſſible, viz. the diviſion of the 
. and of the houſes for the inhabitants, the ſituation 
of the guard-houſes, cazerns or barracks, the magazines 
for gunpowder, the arſenals, futtling and bake-houfes for 
the ſoldiers of the garriſon, town-houſe and dwelling- 
houſes for the governor and the officers of the major ſtate, 
and the other public edifices; all which muſt anſwer the 
ſeveral principal ends for which they are raiſed ; we can 
give no better model than the plan of the ſtreets and diſ- 
poſition of the public edifices of Vew-Bri/ach. 

If there is a great extent of ground to be laid out, it is Fig. 15. 
not improper for the public conveniency to make ſeveral 
open places; but if there are reaſons for the contrary, there 
ought at leaſt to be one in the center, and that ſhould be 


A 
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a ſquare. The dimenſion of it ſhould be proportioned to 
that of the circumference of the place, conſequently the 
number of the garriſon; for as this place ſerves for the 
parade of all the troops deſigned for garriſon duty, it muſt be 
made large enough for this putpoſe. Therefore for a fortifi- 

cation of fix baſtions, ſuppoſing the exterior fide 180 fa- 
thoms, it has been judged neceſſary to give to each fide of 
the place of arms 40 to 4.5 fathoms; for one of ſeven baſtions, 
55 to 60 fathoms ; for one of eight baſtions, 70 to 75 fa- 
thoms; for one of nine or ten baſtions, 80 to 8 5 fathoms; 
laſtly, to one of eleven or twelve baſtions, go to 95 fa- 
thoms; but it is better to leave this to the diſcretion of 


the engineers intruſted with the execution of the plan, 


than to fix any particular rules. 


Before each gate of the town there muſt alſo be made a 
ſmall place of arms, large enough for the drawing up of the 
port. guards, to prevent their heing ſurpriaed from within; 
beſides, theſe places of arms at the gates are not only pleaſing 
to the ſight, but alſo are uſeful to diſengage the paſſage, 
when the carriages which are going out of the town are 
obliged to wait till thoſe upon the bridges are come in. 
To know the number of ſoldiers that can be drawn u 
in order of battle upon a place of arms, find the area of 
the place in ſquare fathoms, then doubling this area, you 
will find about the number ſought; for it is ſuppoſed 
that the ſpace allowed to one ſoldier to ſtand upon in 
order of battle is half a fathom ſquare, three feet in front, 
and ſix feet in file. | 

For the tracing of the ſtreets, the principal ones muſt 
be drawn from the place of arms in a right line to the 

city-gates, and to the ramparts; but chiefly to the citadel 
or reduit, if there is any, that they may be enfiladed. 
They muſt be, as much as poſſible, perpendicular one to 


another, 
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another, that the corners of the houſes” may be rectangu- 
lar; their breadth is fix fathoms, that three carriages may 
paſs in front, becauſe if one was ſtopped at one fide of 
the ſtreet, and another at the other ſide, the third could 
go on between them; thus there is always room enough 
for people on foot or on horſeback. For the leſſer ſtreets, 
the breadth given to each of them is three or four 
fat home. 8 Wl 


* 


The diſtance from a ftreet to that which is parallel to 
it ought to be ſufficient for two houſes to be contained be- 
twixt the parallels, one of which faces to one ſtreet and 
the other faces its parallel. The front of each houſe is five 
or fix fathoms, and the depth of it ſeven or eight fathoms, 
with a yard betwixt two paralle] houſes whoſe area is equal 
to that of one; thus the breadth betwixt the parallels is 
21 to 24 fathoms, which affords ſpace enough for larger 
edifices where gardens and ſtables are required. 

In towns where there are any old ſtreets, they may be 
left without any alteration, excepting. in ſuch parts where 
it is abſolutely neceſſary to rectify them. The ſame is to 
be obſerved for the places of arm. & 9 
Beſides the guards poſted upon the great place of arms 
or the ſquare, and thoſe at the gates, there are other guard- 
houſes to be made upon-the ramparts and in the outworks, 
that the ſafety of- the town may not be expoſed by having 
the ſeveral guards poſted at too great a diſtance Gen each 
other. They are ſometimes made at the center or gorge 
of the baſtion, when it is not already taken up by a ca- 
valier or powder magazine; and ſometimes they are placed 
in the middle of a curtin, eſpecially if there is at that 
part any ſluice, dam, or water-gate, occaſioned by an. ad- 
jacent river. | K R 
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| As the magazines for gut-powder are to be as diſtant 
bi s as poſſible from the bovis of the inhabitants, the beſt 
| | ſpot to place them in is the middle of a hollow baſtion. - 
The arſenal being one of the military edifices that takes 
up the moſt ground, it is no eaſy: thing to fix its ſituation, 
becauſe this upon innumerable circumſtances 
which are not to be perceived till you have viſited and 
examined the place carefully, However, we muſt obſerve 
that it be ſeparated from all other buildi as well for 
. the ſafety of the ſtores, as not to be expoſed to any fire 
that might happen in its neighbourhood. If a river runs 
through the town, it is requiſite that the arſenal ſhould 
be near it for the conveniency of tranſporting the ſtores b 
water-carriage. The plan of an arſenal ought to be 
contrived, that the inhabitants cannot know or perceive the 
buſineſs tranſacted therein, with reſpect to the ſending out 
of any arms, ammunition, H c. 
There are ſeveral large court-yards incloſed within the 
exterior circumference of arſenals, wherein many edifices 
ſeveral ſtories high are built for various uſes. In the ground- 
floors are kept the cannons, mortars, bombs, balls, ropes, 
earth-ſacks, harneſs for the artillery-horſes, intrenching- 
tools, and other heavy and. unwieldy machines. Above 
are placed the ſmaller fort of fire-arms and others, as 
muskets, catbines, piſtols, pikes, halbards, fwards, bayonets, 
cartouch-boxes, belts, @c. The forges and work-houſes 
for the carpenters, wheelwrights, black-ſmiths and gun- 
ſmiths, collar- makers, &c. are properly diſpoſed, with the 
apartments for lodging the artillery-officers, and the ſeveral 
workmen. N | 
If a foundery is intended to be made in the arſenal, a 
proper place muſt be marked out for it. 


| | | | The 
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The cagerns, or barracks, are placed along the curtins 
near to the rampart, This is the beſt Gtiation that can be 
given them, becauſe the ſoldiers are by theſe means ſepa- 
rated from the towns- people, and can "he immediately aſ- 
ſembled with — * whereas if they were quartered up 
and down the town, and any alarm happened in the night- 
time, it would be much more difficult to get them together. 

At both the extremities of each row of cazerns are the 
pavilions where the officers of the garriſon are lodged: 

The bake-houſes, and cartine or ſutlin 1% Hy" ag ought 
to be at no great diſtance from the wes on and near to 
thoſe places where there is a guard; this will prevent any 
diſturbances or riots arifang, 

The hoſpital muſt be bult in a place apart, and the ad- 
vantage of a river or rivulet running hard by it is not to 
be neglected, if there is one. At New-Brifock it is with- 
out the town, and is covered by a great crown-work. 

The houſes where the — of the major State are 
lodged, the town- hall, priſon, principal church, &c. arc 
all built in the place of arms or ſquare; this makes it 
equally convenient for the reſort of the inhabitants to 
any of theſe places. 

The — 2 gates to a fortified place ought to be as 
few as poſſible, not to diminiſh the — of the fortifi- 
cations, or increaſe the number of port- guards; for there 
muſt be a ſufficient guard at each gate. 

The part of the 4 where the gates are generally 
made, is in the middle of the curtin, as it is the ſtrongeſt, 
being defended by the two flancs, The plan of a gate for 
a fortified place, conſiſts in a guard-room for the officers 
of the 2 and another much larger for the private 
men. There | is alſo a room that is made uſe of as a pri- 
ſon. Over the gate-way, on the exterior ſide, is made a 
| K 2 chamber 
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chamber which contains the porzcullis; and on the inte- 


the 'port-captains'or town-adjutants. 
The plate wherein are repreſented ' the plan, elevation, 
and profil of a gate for a fortified place, and likewiſe of a 


rior fide, towards the town, is a lodging-room for one of 


guard-houſe, will give a more diſtinct notion of theſe build- 


ings than can be done by words; therefore, notwithſtand- 
ing it regards civil -archite&ture, we think proper not to 
omit it, nor any of the following, becauſe they are direatly 
connected with the elements of fortification. 

The exterior ſide of the gate-way is ſeldom ſhut in 
any other manner than by drawing up the draw-bridges; 
and if they are broken by the perard, or ' cannon, the 
portcullis, which riſes and falls 'at pleaſure, is then of 


great ſervice to prevent ſurprizes in the time of a ſiege. 


There are two ſorts of portcullis, the one of them called 
orgues, and the other a her/e or ſarazine. The orgues are 


ſeveral pieces of timber, as many as are neceſſary for the 


breadth of the gateway; the interval betwixt two of them 


is not above half a foot; they hang perpendicular down 


from a cylindrical beam, to which they are faſtened ſepa- 
rately by ropes, and fall by their own weight at the looſen- 
ing of a ſtay; they are aſterwards wound up by a con- 
trivance for that purpoſe; an accident happening to one 
or two of them is eaſily remedied, nor does it affect the 
others. . e | 
The Herſe or ſarazine riſes or falls in the ſame manner 
as the orgues. The perpendicular pieces of timber of a 
herſe are not ſo thick, or ſo cloſe together, as thoſe of the 
orgues, and they are faſtened to others which are nailed 
acroſs them. The inconveniencies this portcullis is liable 


to, and which are not to be found in the farſt, are, that 


they can be hindred from falling by obſtructing their mo- 


uon 
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tion in the grooves on each fide the gate-way, or by ſet- 
ting a carpenter's ' horſe - underneath to ſtop them in their 
deſcent ; moreover, if it is broke by a cannon-ball, it can- 
not immediately be repaire. 

Beſides the principal gates of a town, there are poſterns 
made in different parts of the rampart, as in the reverſe 
of an orillion, or in the curtin near the flancs, for the 
communication with the outworks ; their paſſage is vaulted 
under the rampart, and is ten or twelve feet broad, but 
the doors are not more than four or five feet wide. To- 
wards the foſsè they are covered or masked by ſtone or 
brick-work, three or four feet thick, that the exterior part 
of the lining appearing all alike, it cannot be diſcovered 
where the poſterns are made. The masked part of the 
lining is never broke open but in caſe of neceſſity. 

The guerites are the ſentry-boxes, built upon the cor- 
don at all the faillant angles of a work; for fuch of thoſe 
that are lined they are made of ſtone, otherwiſe of timber. 
They muſt have windows on every ſide, that the ſentry 
within may hear and ſee any thing that paſſes in the foſsè, 
and not fail to give the alarm, if an enemy attempted 


to ſurprize the 2 The figures and dimenſions of 


guerites, both of wood and ſtone, may be ſeen in the 
plate where they are deſcribed, which needs no further ex- 
planation. | | | 
The bridges are drawn in a plan from the gorge of the 
half-moon to the entrance of the gate, perpendicular upon. 


the curtin, and from one of the faces of the half-moon to 


the oppoſite: counterſcarp, and thus: acroſs all the foſsès to 
the counterſcarp of the covert way. The parapet of the 
covert way is cut away ſufhciently to open a paſſage nine 
or twelve feet broad, which paſſage is ſtopped at pleaſure 
by a ſtrong barrier, or field-gate, made for that purpoſe. 


There 
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There are two parts to every bridge that is made acroſs 
any ſoſsè of a fortified place, and the whole is of wood, 


excepting the foundation; the one fixed and unmoveable, 


which is called the anding-bridge; the other moveable, 
and named the drau-bridge. It is to be obſerved that 
there are made two draw-bridges when the foſsè is very 
broad, as before a curtin, &c. the one always joining to 
the eſcarp, and another about the middle of the folze, 
The draw-bridges at the gates are made to riſe by a caun- 
terpoiſe fixed at the ends of the chains, within the entrance 
of the gate-way, which is ſhut whenever the draw-bridge 
is drawn up; the others in the middle of the foſse, and at 
all the outworks, is drawn up by chains fixed to the two 
arms, as deſcribed in the figure. The height of the piles that 


ſupport the bridge is determined by the depth of the foe. 


Here follows a further explanation of the ſeveral plans and 
elevations of the different military edifices, &c. juſt 
mentioned. The ſcales that are laid down to the ſeveral 
figures, ſufficiently ſhew the proportions of all their 
parts. oy 


PLaTE 14. The divifion of the ſtreets of New-Briſach. 


Ihe table of references ſhews the diſpoſition of all the 


public buildings, none of which are to be omitted in a 


fortreſs of conſequence, and fully explains every part of 


this plan. | | 
PLATE 15. The plan, profil, and elevation of part of 
the cazerns, and of a pavilion for the officers of the- gar- 


riſon. FINN | 
Theſe buildings are greatly to be approved for all places 


where a body of ſoldiers are requiſite to be garriſoned, as 


in thoſe upon the borders of rivers, or upon the * 
alſo 
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alſo wherever any y important conqueſt has been made. 
The troops thus lod 


more tegular in their manners, than if wete quar- 
tered at private houſes, where they — 4 gaery rt 


ting the greateſt diſorders, to the ruin of many families, 
notwithſtanding the puniſhments inflicted on them from 


time to time. 
| Before the number of pavilions and cazerns can be 
fixed for any place, the number of men neceflary for the 
„ Gnas it to be threatened with a ſiege, muſt 


rule. 


If the place be exulacly fortified, find out the number 
of baſtions; otherwiſe, the meaſure of its circumference 
being given, you may know the number of baſtions and 


outworks neceſſary to fortify it; then allow to each baſtion 
and ſuch — or outwork equivalent thereto, 500 


men, infantry, and 200 horſe, viz. ſeven companies and 
— troops; thus you may find the number of officers for 
each baſtion, Multiply theſe numbers of private men and 
officers by the number of baſtions and other equivalent 
outworks, and the product will give the number requiſite 
to garriſon the place, which being known, you may regu- 
late the extent of the building deſigned for the cazerns and 
pavilions in the following manner: 

The ſize of the chambers for the cazerns that are de- 
ſcribed in the plan we have given, allows*in each cham- 
ber four beds, therefore twelve ſoldiers can lodge in one 
chamber, if the place is obliged to mount very ftrong 
guards, becauſe whilſt there are eight in the chambers, 
the other four are upon duty. Thus in a building of four 
rooms on a floor, and three ſtories high, 144 ſoldiers can 


be lodged. 


The 


ged are much Peder diſciplined, and 


be known. M. de Vauban did obſerve ths following 
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nnd or ſtables for the troop-horſes. 


bers is deſigned for kitchens, the ſervants lodging, 
therefore as eight 
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The ground floor of the cazerns in this plan is chiefly 


The diviſion of one pavilion is in two equal parts, by 
a paſſage ſix feet broad, having two ſtair- caſes; each part 
contains four rooms on a floor, which is deſigned to lodge 
four officers, two in one chamber; the other two cham : 


&c. 
officers are lodged on the fame floor, if 


the: pavilion is three Rtorics high, it will contain 24 
officers. 

We have ee an hoſp ital for. the ſoldiers to be 
one of the public edifices — in a fortified place, and 
it ought by no means to be omitted wherever there is a 
conſtant garriſon. IT he extent of building intended for 
this-purpoſe is to be. determined upon the number of fick 
there may happen to be at the time that the garriſon is 
the moſt numerous. Experience has ſhewn us, that we 
may reckon one ſick man in twenty- five; however, the 
number muſt be ſu to increaſe or diminiſh according 
to the different ſeaſons, and as the air of the climate is pure 
and wholeſom or unwholeſom. We omitted the plan and 
elevation for this building; thinking it not neceſſary. 


PLATE 16. The —4 and profils of magazines for 


| oun-pawder, the one according to M. Vauban, and the 


other after a new conſtruction of M. Belidor. 

Notwithſtanding the precaution that is uſed in making 
the loop-holes, or chinks, which admit of air to refreſh 
the magazine when ſhut up, in ſuch a manner fo as to 
prevent any thing being introduced by hand, they ought 
to be further ſecured by iron grates, otherwiſe a lighted 
fuſe or match might be faſtened to. the tail of a live rat, 


' mouſe, or ſome Sch {mall animal, and being puſhed in, 


would anſwer the intentions of an enemy by ſetting fire 
to 
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to the magazine; The common method of laying the 
floors of  a-powder-magazine upon joiſts which are cloſe to 
the earth, and whoſe intervals are filled up with bits of 
ſtone or brick is not to he approved, becauſe no air can 


and c02Lecome-rorions; to the one damage of the _ 


* — 28 | 

theſe W the interior plinth DT 
tat — ſhould be raiſed one foot above the ſurface 
of the ground, and ſhould advance from the wall five or 
ſix inches; afterwards let there be laid, the whole length 
of the magazine, three rows of maſonry at equal diſtances, 
each of whoſe height and breadth ſhould be one foot; this 
maſonry muſt be raiſed upon a fingle row of bricks, laid 
without mortar in the ground, of an equal breadth. : 
The maſonry. being exactly levelled, and having had 
time to dry, the joiſts may then be laid at two feet diſtance 
from each other, and faſtened: in the walls; then the firſt 
and ſecond floors may be laid as uſual. T he air that will 
find a free paſſage through the intervals of the three rows 
of maſonry, will preſerve. the timber uſed for the floors, 
joiſts, &c.- from _— _ the eee from . da- 
maged by damps. 
Notwithſtanding no n ak. the theory of aue Ge. 
that regards civil architecture, was deſigned to be inſerted 
in this treatiſe, yet as it is neceſſary, in order to deſcribe 
them, to determine the thickneſs of the reins of vaults for 
magazines, ſouterreins, and other military edifices, ac- 
cording to their different breadths, that they may equally 
reſiſt the ſhock of bombs, we will not omit the _—_— 
Se rule given by M. Belidor. 
| + Suppoſe the magazine 36 feet broad, covered by a 
vault whoſe ſtructure is a —— arch, called alſo. a 


L Per fect 


paſs under the floor, rr 


73 


74 Tur Elements OF ForRkTIFICATION. 


perfe## arch, or plein cintre z it is required: to kno the 
thickneſs that muſt be given to the ſtone · work of the 
vault in the middle of its rin, to render it 
to reſolve this ve muſt premiſe, that a Wut wich 
a perſect arch 25 feet broad and — thick; in the 
7 —— is known by experienoe to be entirely 
bomb proof; therefore, if the diameter of 25 feet: gives 
3 the thickneſs of a vantt that is 

bomb-proof, what ſquare will the diameter of 36 feet fer 
her vault produce, that its thickneſs may likewiſe be 


anot 

bomb-proof? It will produce 13 feet, from which ex- 
9 2 qd wihedgnd cho: Gan, <div 

inches, and two lines, which is the thickneſs required. 

The demonſtration of this rule depends cer- 
tain principles of the mechanics, and can be found 
in many . upon this 2 to which we refer the 
reader. 

There are two Ang door 2 — 
magazine, the one inward, and the other without; the 
thickneſs of the wall determines the ſpace betwixt them; 
the outward door is covered over with iron plates, and has 
only one lock, whoſe key is intruſted to a keeper; the 
inner door has two locks — different the one is 
kept by the governor of the place, and the other is com- 
mitted to the care of the officer who commands the artil- 
lery. It is advantageous to have the doors facing the 
ſouth or eaſt, that the inſide of the magazine may receive 
the ſun-ſhine when it is opened to be aired; for this pur- 
poſe alſo over the door, and at the oppoſite end, is made 
a window, ſhut by double ſhutters, faſtened with ſtrong 
bolts. 

To every magazine at 12 feet diſtance from each of its 
ſides, there is a wall that ſurrounds it, to hinder any ones 


ap- 
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approaching nearer, itz height in nine or den ftet, and it is 


one foot and a half thick. 
The barrels of onjht nde tc he pibell more than 
three in height, for if there are four or five, the under 


ones bear too great a weight, which makes their hoops and 
ſides to break and open, this lets'ont the powder, and may 
be liable to very fatal accidents. 
PLaTz 17. The plan, profil, and elevation of a gate 
for a fortified town;” alſo the plan and elevation of a guard- 
houſe, for the different parts of the fortifications. | 
PraTz 18. Several plans and elevations of ftone and 
wooden guerites, r wich the figures of the two 


portcullis. | 
PLATE 19. The Ne and ſtanding· bridges; 
of communica- 


wich the plan and piles of a little 
tion; and the figures of barricrs or field- gates. 


Of an 


HAT the French engineers term a batardeau, is no- 

| thing elſe than a maſſive perpendicular pile of ma- 

| fancy whoſe length is equal to the breadth of a foe, 

inundation, or of any part of a fortification where the 

water cannot be kept in without the raiſing of theſe 
ſorts of works, which are deſcribed either on 4. capitals 
drolonged of the baſtions or half-moons, or upon their 

— Pr ATE 20. 

n ben in Wenn 15 to 18 feet, that it 

may be able to withſtand the violence of the enemy's 


batteries. 
pon the depth of the foſsè, and 


Its height depends u 


upon the height of water uur is neceſſary to be kept up 
for an inundation; but the top of this building muſt al- 


L 2 | ways 
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ways be under the cover: of the parapet of * 
ſo as not to be expoſed to the enemy's! view. Sta 
In the middle of its length is raiſed d meſtes epd. 


cal turret, whoſe height exceeds the ridge of the batardeai 


173 


fx Feet. . 
The profil-ſhayes than law pint: atatkneniver mers 
fills are deſcribed Maron mn this is done to make them 
** ſtronger. gerne nl 2 T enen 
The uſe of >this th tis to prevent any one of the 
enemy croſſing the foſse upon the ridge to the walls of 
the rampart, and afterwards get into the town by the help 
of a ladder; it likewiſe ſerves as an obſtacle to any ef 
the wr who attempts to deſert by the ſame means: 

y axe alſo of uſe to prevent the communication with 
the river and the foſsès of a fortreſs, that might favour 
the enemy's attempt to ſurprize the — by ſending any 
detachments in — or I 


— 249 


of Gi radels. 2 

1 TADE LS are . Wisent buile . ud bf 
a ſfate or prince to keep the inhabitants of a town 
in obedience, if there are any reaſons to ſuſpect them of 
proving difloyal; and to defend them apainſt an enemy, if 
they remain faithful to the government. PLAT RI. 
. Gitadels for the moſt part, are regular, and have four 
or five baſtions, but their number muſt never exceed ſix. 
If they are built upon a place where there is not a ſufficient 
extent, and that is naturally fortified by ingoattiible ftue- 
tions, they then become irregular. 4 
A citadel is deſcribed upon the circumference ' or enceinte 
of the body of the V. Na it witkin and. "ue with- 

out t towards the field. Ar 4 


"The 


Far Etrments'or-ForTrrrcArioN. 


The town is never fortified, on the ſide of the citadel, 
that the inhabitants may not be covered againſt the fire 
therefrom, and that. the citadel may command' the town; ; 
for theſe reaſons a citadel muſt; be: fortified with greater 
care than the town, becauſe if it was of inferior Arg 
the enemy would attack it, firſt, and being maſters of it, 
could eafily reduce the town; whereas — obliged to 
begin by attacking the town, aſter it is taken, they 
avoid a gl ſiege in order to take the citadel. _ 
Betwixt the covert way of the citadel and the houſes 

of; the town, there is left a great ſpace of 120, to 1.50- 
fathoms, void of houſes, and levelled from the extremity 
of the glacis, &c. this is called the e/planade, fo that by 
this precaution no x0" can be made to che citadel 
without being diſcovered. 

Citadels are never made in he, middle of a town, , fos 
ſhould the inhabitants rebel and join the enemy, they 
could intercept all manner of — Sometimes a cita- 
gel i is raiſed at a ſmall diſtance from the town, but then 
it is joined thereto by . or o_ works of communi- 
cation. ry 
The citadel mud be Bot ak the. higheſt ——_ 
about the town, that it may be able to command all the 
fortifications. - Its ſituation likewiſe muſt be ſuch, that it 
can diſpoſe at any time of the ſluices or engines which 
ſupply the foſses, 'canals, &c. of the place with water, an 
advantage that it ought to be able to maintain after the 
enemy had taken the town. 

The manner of tracing the plan of a | citadeh. is as fob 
lows. Let the baſtions E E:M-- be the ſide of the eircum- 
ference whereon the citadel is deſigned to be placed. The 
baſtion E, together with the 5 eurtins, and oppoſite 


flancs and face, is to be demoliſhed, and its capital pro- 
longed 


can not | 
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longed indefinitely within and without the circumference ; 
then mark the point D upon the capital prolonged, nearet 
or more diſtant from the circumference, according to the 
ſituation that is fixed for the citadel z through the point 
D draw the line A B at right angles with the capital pro- 
longed, and make D A, DB, go fathoms each; thus the 
line A B will contain 180 fathoms. +. © © 
Suppoſe the figure of the polygon that you are to for- 

a or the citadel is a regular pentagon, ſeek in the table 

the meaſures for the ſtructure of the body of the place, 
page 12, the great ſemi-diameter of a pentagon, the 
length of whoſe exterior ſide is 180 fathoms, and it will 
de found 152 fathoms and three feet; then from the point 
A and B, taken as center, and with an interval of 1 52 
fathoms and three feet taken upon the line A B, divided 
into 180 equal parts for a ſcale, deſcribe two arches mu- 
tually interſecting one another at the point C, which will 
be the center of the citadel; from the point C deſcribe a 
circle with the radius CB, and therein infcribe the four 
other ſides of the pentagon, each equal to AB; after- 
wards fortify every {de of the pentagon, and add ſuch out- 
works as ſhall be thought proper ; finally, from the flanked 
angles F and I of the baſtions L and M, draw the right 
lines FA and IB, to join the walls of the town to thoſe 
of the citadel. i Obs 

If it was defired to deſcribe a citadel with an entire 
baſtion within the circumference of the town, the capital 
of that baſtion: muſt coincide with the line CD, and the 
flanked - angle with the point D; then on making DC 
equal to the great ſemi-diameter of a pentagon, accordin 
to the meaſures juſt now mentioned, deſcribe a circle wit 
the radius DC, and therein "inſcribe the pentagon, which 
fortify as before, | | 
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Citadels 


* 
„ . 
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Tus EIZM Ns or ForTIFIOATION. | 
Citadels are joined to the fortifications of a town in va- 


rious manners, according as thie ſituations of the town and 
of the citadel will ar ; but in whatſoever manner this 
is done, there muſt be no one part of the fortifications of 


the body of the place, nor of any of its out-works, which 


can either batter or command the citadel, The lines F A 
and IB, which were drawn to join the circumference of 
the town to the ramparts of the citadel, are called /ines 
of communication; theſe lines ſometimes fall upon the 

lanked angles of the baſtions of the citadel, and ſome- 
times upon the middle of its curtins; ; this laſt direction is 
to be preferred. 

Theſe lines of communication have the ſame ſtructure 

as a batardeau, their thickneſs is the ſame, and their length 
is determined by the breadth of the foſsè wherein they are 
raiſed ; at the 4 in the middle of the fofse, is opened 
a ſmall paſſage two feet ſquare, either for the waters of 
the foke or of the cuvett, if there is one, which is ſecured 
by an won grate, 
There are ſeldom more than two gates to a citadel, one 
towards the town, and the other towards the field, this 
laſt is never opened but to receive reinforcements of ſtores, 
ammunition, or tr for which reaſon it is called, the 
gate of ſuccour; out of this gate any detachment from 
the garriſon can be ſent upon ſervice, if it is judged ne- 
ceſſary, and that the enemy had taken the town by 
ſurprize. 

Whenever towns are e large and populous, there is made 
a reduit on the ſide of the circumference oppolite to that 
whereon the citade] is placed ; this is generally a baition, 
whoſe gorge is fortified by deſcribing 2 {mall front of for- 
tiſication, with a foſse and — PLATE 2232. 
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8 The baſtion that is intended for a reduit muſt be ſtrongly 
5 fortified towards the field, Mherwiſe the enemy would at- 
tack it, and having taken it, could make uſe of it againſt 
the town, which is quite expoſed to the fire of the re- 
duit. Theſe oe of- reUuite have been Practiſed at Ne 
burg b, Life, ' &. 

"When the town is not latte begab to ad mit of a'cita- 


del, then only a reduit is made, Which anſwers the fame 


purpoſes, as at Landaw. 
_ Citadel deſigned: for ſuch places as are tuated upon 
the border of a river, or upon the ſea-coaſt; muſt be diſ- 


poſed ſo as to command the town, the harbour, and the 
_ 1 | | 


We bn hitherto treated of he regular ſtructure of al 
ſorts of works which are eſſential in the fortification of a 
place. There remains to ſay ſomething of thoſe made un- 

der ground, for the further ſecurity of the beſieged, and 
to the great diſcouragement of the beſiegers, notwith- 
ſtanding their ſuperiority of numbers. We mean to ſpeak 
of countermines, but as this ſubje& is immediately con- 
nected with that of ines, it will be more proper to inſert 
them together, which we ſhall do in treating of the azzack 


and defence of places, and ſhall only take notice of ſou- 
terrain, called * cagemates. 


© . So Outer rains. 


* 0 
* % . * 1 % * 
CY 2 3 8 
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% — * * 


V Catetrain” or cazemate is vinderficed: « any vaulted 
place that is made under the ramparts of a 15 ortreſs, as 
poſterns, which ſerve to admit of a communication with 

5 the outworks; alſo magazines, mentioned in a former 


ſection, that are made in full baſtions; or any other place 
that 
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that is bomb-proof, and ſerves for a retreat when the town 
is beſieged. PLAT ER 23. | # 

Souterrains are of great advantage in ſmall fortreſſes, 
citadels, caſtles, &c. where the enemy's inceſſant fire ſets 
the whole place of a blaze; whereas in great towns there 
is always ſome part or other the moſt diſtant from the 
attacks, that eſcapes the fiery ſhowers of the enemy's bat- 
teries, and is therefore a convenient and ſafe quarter for 
all the warlike ſtores, proviſions, &c. and for the ſick and 
wounded. | 

The plans of the profils deſcribed in the Plate above-men- 
tioned are ſufficient to give a true idea of the conſtruction of 
theſe ſubterranean works. In the building of any of them, the 
greateſt care muſt be taken that no water or damps can 
ever damage them; for this reaſon the wall of dry ſtones 
two feet thick, laid by hand without mortar, only with 
gravel, is made to cover every part of the other walls above 
and on their fades, as may be ſeen by the dotted parts 
marked A A in the plans and profils. For a further pre- 
caution, drains are made to carry off the water, and ſeve- 
ral chimneys contrived to air theſe Vaults, and for the 
fire-places uſed in theſe habitations under ground, 
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III. 


CHAP THY 


THE SECOND AND THIRD SYSTEMS OF M. DE VAUBAN. 


——_—— — — 


The ftructure of the ſecond Alem. 


— 


De Vauban has only practiſed this ſecond ſyſtem at 
+ Beffort and Landaw. The diſadvantageous ſitua- 
tion of Befforz, and the impoſlibility there was to fortify 
this place with common baſtions, without being expoſed 
to enfilades almoſt on every ſide, notwithſtanding the tra- 
verſes and other elevations that could have been raiſed 
againſt them, obliged this great engineer to invent a ſmall 
ſort of baftions, in which are made vaults that are bomb- 
proof; theſe baſtions are called zower-baftions, and they are 
covered by counter-guards, the top of whole parapets is al- 
moſt as high as the parapets of the towers. R 
Altho' the two places abovementioned are both of them 
irregular, the one in its angles, and the other in its angles 
and its ſides, yet we can apply this ſyſtem to regular fortifi- 
cation, as will appear by the following ſtructure. PLATE 24. 
Let AB repreſent the {ide of a regular hexagon, and its 
length be ſuppoſed 120 fathoms. Take A M and BK 
four fathoms each; from the points M and K raiſe the two 
perpendiculars MN, K F, of fix fathoms; let fall from 
the point N, upon the radius A G prolonged, the perpen- 
dicular NT; make T G equal to TN, and join N G by 
a right line; in the ſame manner draw the line F L, thus 
you will deſcribe the ſmall half-baſtions GNM, KFL, 
whoſe demigorges are AM and K B; the flancs are N M 
| an 
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and FK, and the faces NG, FL. Theſe ſmall baſtions 
are what we have ſaid to be tower-baſtions. This done, 
through the angle of the ſhoulder N, and through the 
flanked angle L of the oppoſite tower, draw the line NL; 
in the ſame manner join FG, Upon the interior fide 
AB take AC and BD, each equal to the fourth part of 
AB, viz. 30 fathoms; upon the two points C and D raiſe 
the two indefinite perpendiculars CQ and DP; after- 
wards prolong, outwards the two capitals BL and AG, and 
make LR and GI 39 fathoms each; then draw the two 
lines MR and K I; theſe lines will interſect the perpendi- 
culars CQ and DP at the points P and Q. Take D V 
and CS of one fathom each, and join by right lines PV 
and QS, which are determined at Z and H by the inter- 
ſection of the lines NL and F G. Thus are deſcribed the 
two half derzached-baſtions or counter-guards I QH, RPZ, 
whoſe faces are IQ and PR, and the flanks are QH 
and PZ. | 

To trace the foſsè of the tower-baſtions; upon the line 
HG ſet off from the point H, HO of ten fathoms; from 
the flanked angle G, as center, with an interval of ſeven 
fathoms, deſcribe an arch, to which draw a tangent from 
the point O, thus you will have traced the foſsè of the 


tower-baſtion A; repeat this conſtruction for the foſses f 


the tower-baſtion B, and of all the others of the polygon. 
Theſe foſses might be traced by drawing a parallel to the 
face of the tower G N, at ſeven fathoms diſtance, the pa- 
rallel being prolonged till it interſects the line GH in a 

point, as at O. x0) 
It is proper to make uſe of this laſt conſtruction to trace the 
foſse of the tower, whenever the polygon contains fewer ſides 
than an hexagon, that it may have the ſame breadth at the 
angle of the ſhoulder as at the flanked angle; but for an 
M 2 hexagon, 
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hexagon, and all ſuperior polygons, the firufture at firſt 


iven will ſerve. | | 

The foſsè of the counter-guards is traced as that of the 
body of the place laid down in the firſt chapter, to which 
we refer the reader, only deſcribing the arch at the flanked 
angles, with a radius of fifteen fathoms. | 

Before the curtin are raiſed tenails, in the ſame manner 
as thoſe of the firſt ſyſtem of our author; the interior fide 
of theſe tenails are taken upon the line H Z. 

For the ſtructure of the half- moon before the tenail, 
give to its capital 45 or 50 fathoms. The faces thereof 
muſt be drawn upon the faces of the counter- guards at 
10 fathoms diſtant from their angles of the ſhoulders; 
within the half: moon is made a reduit, whoſe capital is 
allowed 15 or 20 fathoms, and whoſe faces are drawn pa- 
rallel to thoſe of the half-moon. The breadth of the 
foe of the half-moon is 12 fathoms, and that of the re- 
duit is fave or fix fathoms. 

The conſtruction of the covert-way and glacis in this 
ſecond ſyſtem has nothing peculiar. I 

The terre-plein of the rampart of the body of the place, 
and of the counter-guards, is fix fathoms broad, that of 
the half-moon four fathoms, and that of the reduit three 
fathoms. All the parapets are three fathoms broad, ex- 
cepting that of the tower-baſtions, which are of ſolid ma- 
ſonry, and only one and a half fathom thick. What is to 
be remarked in the conſtruction of this ſyſtem is, 

1. That the flanked angles of the tower-baſtions are 
right angles in all polygons, excepting the ſquare, wherein 
it is formed by the interſection of two arches deſcribed 
from the angles of the ſhoulder, taken as center, with a 


radius of twelve fathoms. 


2. The 
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2. The line drawn from F to G ſhews evidently, that 
the cannon or muſquet fired from the point F can defend 
the flanked angle G of the tower GN M, conſequently the 
whole flanc FK is uſeful to defend the face of the oppo- 
fite tower. | f HR. 17 

3. The tower-baſtions are covered and hidden. from the 
enemy's view by the counter-guards or detached baſtions 
raiſed before them. | | 

4. There is made beneath the platform of each tower 
a ſouterrain that is bomb-proof ; within this ſouterrain, at 
each flanc, are made two cazematted embrazures, which 
are almoſt level with the ſurface of the water of the foſse. 
The cannon placed in theſe parts are ſecure from being 
diſmounted by the enemy's cannon or bombs ; this ſtructure 
gives an upper and lower flanc. | 

The terre-plein of the towers is 18 feet above the hori- 
zontal line; the rampart of the counter-guards is four feet 
lower. | 

We have not given the profils of this ſyſtem, as thoſe de- 
{cribed for the following will ſerve to clear every difficulty 
that may ariſe from this omiſſion. 


The conſtruction of the third ſyſtem of M. de Vauban. 
T HIS ſyſtem is little different from the foregoing, and 


what amendments and improvements there are made 
were effected in the fortifying of Vew-Bri/ach. 

For the conſtruction of this ſyſtem, let A B be one fide 
of an octogon, containing 180 fathoms in any polygon 
whatſoever. PLATE 25. | 
_ Having divided AB into two equal parts from the point 
of the diviſion, let fall within the polygon the perpendi- 
cular CD of 30 fathoms; from the points A and B, * 

the 
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the point D, draw the lines of defence ADM, BDL, in- 
definite. Take AE and BF 60 fathoms each for the faces 
of the counter-guards; then fixing one leg of the com- 
paſſes at F for the center, extend the other to fall upon 
the point E, and with the interval F E interſe& the line 
of defence BL with an arch; upon which ſet off E to G 
22 fathoms; afterwards join E G by a right line for the 
flanc of the counter-guard. In the ſame manner, fixing 
the leg of the compaſſes at E, with the ſame intervals, 
deſcribe F H for the oppoſite flanc ; draw from H to G, the 
interior extremities 4 theſe flancs, a right line prolonged 
on both ſides, to interſe& the two radius or ſemidiameters 
of the polygon at the points 8 and T; alſo draw the line 
RQ parallel to S T at the diſtance of nine fathoms, and 
interior to it; this laſt line likewiſe is to interſect the ſemi- 
diameters of the place, and upon its extremities are de- 
ſcribed the tower-baſtions, | | 
For the conſtruction of the tower-baſtions, make the 
demigorges QL, MR, ſeven fathoms each; at the points 
M and L raiſe the perpendiculars for the flancs of the 
towers, and give to each five fathoms, and from the ex- 
tremities draw the right lines to 8 and IT to determine the 
faces of the towers; prolong the flancs of the towers in- 
wards four fathoms and a half; then join theſe interior ex- 
tremities by a right line, only leaving in the middle a paſ- 
ſage nine feet broad for the entrance into each tower. Af- 
terwards the perpendicular C D muſt be prolonged in- 
wards, and from the point K, where it interſects the inte- 
rior fide QR, ſet off K N five fathoms; then through the 
point N draw the indefinite lines MI, L 2; prolong the 
flancs of the counter-guards inwards to interſect the lines 
M 1, L 2, at the points 1 and 2; draw the line 1, 2, for 
the re-entering part of the curtin, and P 2, Z 1, = the 
ancs ; 
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flancs; thus the whole curtin MP 21Z L is deſcribed. It 
is the curtin thus reinforced that occaſions the principal 
difference betwixt this and the forgoing ſyſtem ; the de- 
fence of the faces and foſses of the tower-baſtions is infi- 
nitely more vigorous by this conſtruction. 

The foſsès of the towers are deſcribed as in the ſecond 
ſyſtem, and of the ſame breadth likewiſe. | 

The {imple tenail, betwixt the two collateral counter- 
guards, ſuffers no alteration. 

The foſsès of the counter-guards are drawn parallel to 
their faces, at the diſtance of 1 5 fathoms. 

The capital of the half-moon is 55 fathoms, and its 
faces are directed upon thoſe of the counter-guard at 1 5 
fathoms diſtance from the angle of the ſhoulder ; its foſse 
is 12 fathoms broad, and parallel to them. | 

The capital of the reduits, deſcribed within the half- 
moon, is 23 fathoms; its faces and flancs are deſcribed pa- 
rallel to thoſe of the half- moon, with a foſsè five fathoms. 
broad. 

The flancs of the half-moon are deſcribed by taking ten 
fathoms upon their faces and ſeven upon the counterſcarp, 
and joining the two points of interſection. 

The flancs of the reduit are formed by taking four fa- 
thoms upon its faces, and three upon the counterſcarp. 
The covert way and glacis are not different from the 
former. 

The terre plein of the rampart of the body of the place 
is fix fathoms broad, including the breadth of the banquet. 
that of the counter-guards is of an equal breadth. 

The terre-plein of the rampart of the half- moon, in- 
cluding alſo the breadth of the banquet, is four fathoms 
broad, and that of the reduits is only three fathoms. 
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The terre-plein of the tower-baſtions is raiſed 16 feet 
above the horizontal line; that of the counter guard 12 
feet, which is the ſame height that is given to the curtins 
of the place. | | 

The terre-plein of the tenail is not raiſed above the ho- 
rizontal line, but the profils will ſhew all the meaſures for 
the heights and depths for all the works. PLATE 26. 

The counter-guards, tenails, and half-moons are only 
half-lined, that their ramparts are not ſuſtained by ma- 
ſonry above the horizontal line; at the top of the lining 
there is a berme ten feet broad, and all the rampart 
upwards, with the parapet, is covered with turf; upon 
the berme is planted a quickſet hedge, and behind it a row 


of palliſades, which prevents the aſcent of an enemy into 


the work, or the deſcent of deſerters into the foſlse. The 
parapet of the towers is of ſolid maſonry eight feet thick, 
and fix feet high. | | 

The plans and profils of the ſouterteins practiſed in this 
ſyſtem are laid down with fuch accuracy, that it is needleſs 
to enlarge further upon this ſubject. 

It muſt be owned that a place fortified according to this 
ſyſtem, with ſufficient garriſon, ſtores, &c. would be able 
to hold out conſiderably longer than any other method 
hitherto diſcovered, without being in danger of being taken 
by ſtorm; and altho' it is not entirely ſo perfected as it can 
be, yet the advantages peculiar to it ought to recommend 
it above all others; it does not need ſo numerous a garriſon 
as any other, and the circumference of the place remains 
entire till the enemy can mount his cannon, and batter 
it from the detached baſtions, which cannot be done but 
with infinite difficulty and loſs of time. | 

We ſhall have occaſion to fay what amendment has been 
propoſed in this ſyſtem in concluding the following chapter. 
CHAPTER 
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W E come now to treat of the ſyſtems of different au- 


thors. By a due attention to this part of our trea- 
tiſe, the reader will be enabled to judge of the goodneſs 
or badneſs of any fortification, ſo as not to be deceived by 
every chimerical notion and falſe ſpeculation, which have 


only the appearance of reality, and oy never to be 
brought into practice. | 


Erhard s þ fem. 
RHARD, commonly called Erhard.of 1 


was Engineer to HENRY IV. of Fance. He fortifies 
within the given polygon in the following manner: from 
the ſquare to the octogon he makes the flanc perpendicular 
to the face, but in other polygons he makes it perpendicu- 
lar to the curtin. 

Suppoſe an hexagon whoſe center is O, and the exterior 
fide A B; at the extremities A, B, with the radius AO, BO, 
make the angles OA C, OB D, each of them 45 degrees. 
If it was a ſquare you ſhould make them of 30 degrees, 
and if a pentagon of 40. In all other polygons, as in this, 
the author fixes them to 4.5. 


Divide the angle O A C equally in two by the line AD, 


that will cut the line of defence BD at the point D; like- 
wiſe divide the angle OBD equally in two by the line 
BC, and that alſo will cut the line of defence A Cat the 


point C; join C D, and that line ſhall be the curtin. 


N Laſt] . 


Fig. 1. 
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Laſtly, let fall perpendicular lines upon the lines of defence 
from the two points CD, thus you'll determime the flancs 
and faces. aide n 

For the fol, draw from each angle of the flwulder, 
lines parallel to the lines of defence, and make the breadth 
of the rampart equal to the length of the flanc. 


Remarks on Brhard . Hh. 


The faults of this method are fo conſpicuous when 
dommpared with the later fortifications, that ſome perhaps 
Ate "inclined to believe that no ſuch ſyſtem was ever prac- 
tiſed; but the time of its invention muſt be conſidered, 
and the manner of attack in thoſe days. The artillery 
brought before a town by the beffegers conſiſted only in 
five or fix pieces of cannon of very ſmall bores, with a 
few Trorters that were fired more apainſt the buildings of 
the town, thi Ymongft the beſieged in their works. The 
wrenches, trade without judgment, were neither ſpacious 
und broad, 'asthey are contrived at prefent ; for which rea- 
ſon the leaft Tally overthrew every thing, and obliged the 
beſiegers to begin their work again, which was not to be 
done without much loſs, becauſe the fire from the town 
was ſuperior to their batteries. Thus time elapſed, and 
the approach of the bad ſeaſon, with the ill ſucceſs, often 
diſcouraged the bet ; however, if they ſtill perſiſted 
an their deſigns, and had, after infinite toil and bloodſhed, 
gained as far as the covert way, what could they attempt 
next, with their troops ſo fatigued and their ammunition 
ulmoſt ſpent, againft a place whoſe garriſon had ſuffered 
little Joſs, and whoſe ramparts and 'parapets remained al- 
moſt entire? For the moſt part they were obliged to 
make a ſhameful retreat; or if they acquired a victory, it 


Was 


Tun ELeEMenTS of FokTreiC ATION. 
was ſtill more eruel for the conquerors than the conquered. 
The hiſtories of thoſe times are fult of examples of this 
nature; therefore if Erhard did not invent a more 
ſyſtem, the neceſſity of a better defence did not oblige 
him to think of improving this art. 
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Our intention in inſerting this ſyſtem is, that we may 


judge of the improvement of fortification. by comparing 
it with thoſe invented ſince. 


The Italian tem, according #0 Pietro Sardi, a 
£1 Roman 4ng bt. 


HE Jraliaus have various ſyſtems; we have choſe 
I that of Sard; for an e becauſe it has always 
been efteemed preferable to the others of that nation. 

He fortifies within the given polygon, and, according 
to Ozanam, makes his interior fide 800 geometrical paces; 
but this abſolutely is ſome miſtake, and ought to be thus 
corrected. | 
Take each interior fide AB of 133 fathoms, 2 feet; make 
the demigorges AC, DB, 25 fathoms each; the flancs 
CF, DE, muſt be equal to them, and erected perpendicular 
upon the curtin; divide the curtin in eight equal 5 and 
retain the two at each extremity thereof for the ſecond 
flancs CI, DH, from which draw the lines of defence 
fichant to paſs at the extremities of the flancs, whereby the 
faces EK, LF, are form'd; this is only practiſed thus for 
the firſt ſeven polygons, for in the octogon you mult take 
two of thoſe eight parts for the ſecond flancs, and in all fu- 
perior polygons half of the curtin is required. . 

The cavaliers which this author places in the middle 
of the curtin, are 30 feet diſtant from the parapet ; their 


figure is a parallelogram ; on their longeſt fide are placed 
N 2 three 


Fig. 2, 
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Fig. 3. 


Fig. 4. 
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three pieces of cannon to ſcour the field, and on their two 
ſhortel ſides are placed four pieces of cannon, two on each, 
to fire in the baſtions whenever the enemy had made a 
conſiderable breach in them. 

For the orillon and low flancs, or OT he aki 
upon the flancs AC, EF, each equal to a third of the 
flancz and u the demigorges BI, NM, equal to 
AC, EF; — poi theſe lengths upon the faces pro- 
longed from A to L. and from E to H; after this he draws 
the y * IT, LV, MO, HR, parallel to the flancs, and 
indefinite; he * prolongs the flancs inwardly, ſo that 
BS, MY, may each be 15 feet, and from the points 
S and Y draws SP, YQ parallel to the demigorges; the 
parts C 4, F 3, have each 10 feet, and the lines P 6, Y 5, 
have each 24 fathoms. 

If the orillon is deſigned to be ſquare, from the point 
F draw a line to fall upon the middle of the face of the 
oppoſite baſtion, which will interſe& at R the line HR; 
and for a round orillon, after having drawn the.line C V, 
in the ſame manner as F R, make upon LV an — 
triangle, whoſe ſides may be about the two thirds of the 
ſaid line LV, and from the ſummit of this triangle de- 
ſcribe the roundneſs of the orillon. The line P 6 ſhews 
the exterior extremity of the upper flanc, and CB the ex- 
terior extremity of the lower flanc or caſemate ; the profil 
of the two is deſcribed, M. de Vauban juſtly condemns the 
uſe of two flancs ſo contiguous one to the other, for it is 
impoſſible to occupy the lower flanc, ſince the fire and 
dexterity of the beſiegers is ſo much increaſed as it is of 
late in the ſerving their cannon and mortars. 


F 
THE E UEME Ns or Fon TIF CA TION. 
| Remarks 9 the Ttaliari 2 enn. 


The objections that can be macs cone this Rem a. are, 
that the flanked angles become too acute, and the faces 


are defended too obliquely from the flanks, which never- 


theleſs are eaſily to be diſcovered by an enemy, becauſe 
of the ſecond flanc upon the curtin; however, this method 
is followed by all the Izaliar authors, and their reaſon for 


making the flanked angle acute is, that the faces of the 


ſame fide of the polygon may mutually ſerve to flank 
each other. 


The Spaniſh method of enten 


T HE Spaniards entirely reject the ſecond flanc, au 
the angle of the baſtion becoming obtuſe, is not 
reckoned by - oi any fault in fortification. According to 
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this ſyſtem, you muſt make the demigorges A C, BD equal Fig 5. 


to the ſixth part of the interior ſide AD, hich is ſup- 
poſed to be 120 fathoms. The flancs are equal to the de- 
migorges, and are erected perpendicular upon the curtins. 


The faces are determined by the lines of defence razant 
CE, BF. 


Remarks an the Spaniſh Hen. 
The flancs likewiſe in this ſyſtem afford too oblique a 


defence to the faces, but are not ſo much expoſed, there 


not being any ſecond flancs; and the angles of the baſtion 
in all polygons above the hexagon, become greatly too 
obtuſe; w which are to be rejected, becauſe an equal breach 


is made with more eaſe in an obtuſe angle than in an acute 
angle; 


* 


Fig. 6. there is 


Fig. 7. 


join IL, and you'll have the retired curtin ; then for the 
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angle; for let the breach A B be equal to the breach CD, 
required leſs. trouble to make the demolition 
AEB than to demoliſh the triangle CED. For this 
reaſon fome authors have maintained. that. all acute angles 
were to be approved, but they are much to blame, be- 
cauſe, as we have demonſtrated. in a former ſection, a 
flanked angle that is too acute cannot withſtand the 


Enemy $8 Cannon. 


Of the reinforced order. 


'F* HIS ſyſtem bears the name of the reinforgd Order 
becauſe of the reinforcement of its line of defence. 
The interior fade is ſuppoſed to be 160 fathoms, ſo that 
the great line of defence would be much too long for the 
uſe of the musket. Several Talian and Spaniſh authors 
have treated this ſubject, but we ſhall here ſet it down as 
it is mentioned in father Bourdin's book of fortification. 
Divide the interior fide AB into eight equal parts, each 
demigorge has one of them, as likewiſe — flanc, which 
is made perpendicular upon the curtin; make DE and 
F C each equal to two of thoſe parts; the retired flancs 
EI. FL, are equal and parallel to the flancs of the baſtions; 


faces draw the lines of defence IFG, LEH. 
Remarks on the rein forced order. 


All the defences of this ſyſtem are too oblique, the 
flanked angles too acute, and the foſsès to be well de- 
fended ought to be extremely broad, ſince they muſt be 
made wide enough at the flanked angle that the enemy 
may not advance too eaſily towards the breach, and they 


muſt 


Tur vr mens or Forrrero arte m, 
muſt be directed to the angles of the ſhoulder that they 
may be defended from the flank, but this makes them be- 
come very large, and prodigiouſſy increaſes the expence. 

The Dutch method of fortification according to Marolois. 
EVERAL Durch authors have wrote concerning this 
art; the moſt worthy of notice is Marolois, whoſe 
fyſtem we ſhall here lay down. 

Let AB be the exterior fide and indefinite; make at 
the point A the angle B AF, equal to half of the angle 
of the polygon you intend to fortify ; for example, let us 
take an hexagon and make the angle BAT-of 60 degrees, 
becauſe the angle of an hexagon is 120 degrees. Divide 
that angle equally in two by the line AC, and then make 
the angle CAD ſeven degrees and an half; carry upon 
the line A D 48 fachoms from A to for the face of the 
baſtion; from the point E draw the line E G indefinite at 
rectangles with the exterior ſide, and at the ſame point E 
make the angle G EF of 50 degrees; from the point F, 
where the ſemidiameter is interſected, draw the line F H 
parallel to the exterior ade, which will terminate the 
flanc and make the ourtin GH +2 fathoms; from the 
point H raiſe the ndicular HA, make 1 B equal to A N, 
and the flanc HL equal to the flanc G E; draw, the face 
LB, and after having made the demigorge H M equal to 
the demigorge FG, draw the ſemidiameter BM O, which 
will interſect the former AF O at the point O; this will 
give you the center of the polygon, which you may com- 
pleatly (finiſh by deſcribing a circle which will touch the 
points AB, and wherein you can deſeribe an hexagon by 
carrying AB {ix times round its circumference; then from 
cach angle of the exterior polygon carry on * 
thereo 
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Fig. 8. 


| 
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thereof the diſtance A N, and raiſe the perpendiculats 
thereon to carry the diſtances N E, E G, to determine _ 
faces, the flancs and the cuttins. 

This manner of ſtructure ſerves for all polygons up to 
the endecagon; but for the dodecagon, and thoſe aboye it, 


you muſt, after having made the angle BA O equal to half 


the angle of the polygon, : make 9 angle O A E ya 45 


degrees, that the angle of the baſtion might not become 
obtuſe, which it :nfallibly muſt if you don! t obſetve this 
precaution, but only added to half the angle of 1 poly- 
gon ſeven degrees and an half on each gde. The author 
has not given any hint concerning this, yet it appears very 
plain, for the greater the polygon is the more obtuſe are its 
angles, and the angle of the baſtion increaſes likewiſe, and 
at laſt would SY be out of all proportion 


| Remark on the fyftem of Maroloi, 


The faults: of this method are evident from — 
we have already ſaid concerning ſome of the foregoing 
methods; we ſhall only add, that the Dutch, beſides the 
falſe-bray that we have before ſpoke of, have; another pe- 
— in their works, viz. a chemin des rondes; this is 
a ſpace of nine feet broad juſt upon the cordon of the 
wall, with a little parapet wall with murdreſſes on the ex- 
terior ſide; it is made for the patrol to go their rounds in 
the night, without being in danger of falling into the folse; 
but the inconveniencies it occaſions in the time of a ſiege 
have made M. de Vauban condemn it intirely, for very 
ſoon the little parapet is ſhatter'd to pieces, which pieces 
annoy the men upon the warks, and do them a great: deal 
of miſchief ; moreover the ſpace is quickly fill'd up by the 


ruins that fall from the parapet of the place. | 
The 
LR 
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. e De Ville 5 2 


'T HIS * author fortifies a polygon after the Spaniſh 
1 method, taking the ſixth part of the interior fide 
for his demigorges and flancs, In the ſquare and penta- 
gon- he determines the faces and flanked angle by drawing 
the lines of defence razant. In other polygons he draws 
a right line A C from each extremity of the flancs, from 
the middle of which, as center, he deſcribes a ſemicircle 
ABC, which is interſected in two equal parts at B, at 
which point he forms the angle of the baſtion by joining 
AB, BC; heteby he makes a ſecond flanc upon the cur- 
tin, according to the Italian ſyſtem. This method there- 
fore is by ſome called the compoſite, becauſe it partakes both 
of the Italian and Spaniſh. 

For the orillon and caſemates, divide the flanc A B 
equally in two, as at C; draw the line DC from the 
flanked angle D of the oppoſite baſtion, make CE and AF 
fax fathoms long, join E F, and thereon make a ſemi-circle 
if you would have a round orillon; if a ſquare one, let 
the line E F ſerve to determine the orillon. 

For the caſemates and high flanc, let EC be prolon ged 
indefinitely y, and from the extremity I of the oppoſite 


orillon draw I B alſo indefinite; divide the demigorge 


equally in two at H, and draw through it the line LO 


parallel to BC; the interſection of LO AS the indefinite 
line will determine them. The interior fide is taken for a 
ſeale, being firſt divided into 120 fathoms. 

What remarks have been given for the preceding ſyſtems 
may be applied to this. We ſhall add, that in this method 
there is one more conſiderable fault, viz. the flancs being 


too {mall to afford a ſufficient battery. 
O All 
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Fig. 9. 


Fig. 10. 
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All the ſyſtems we have hitherto given make us apt to 
believe, that the chief uſe of the flanc was to defend the 
paſſage of the foſsè. In thoſe times, when the attacks 
were very imperfect, the enemy made uſe of wooden gal- 
leries to paſs the foſse, againſt which the cannon of the 
town had fine play; the flanc indeed could hold but four 
or five guns, but tis others could be tranſported from parts 
that were not attacked, ſo as to make a continual fire, 
firing ſome whilſt the reft were loading, the enemy was 
much perplexed, for the artillery that was in the field 
was greatly too trifling to attempt filencing the bitteries of 
the town. 

— Aﬀerwards the artillery becoming more nu- 
merous and terrible, it was thought proper to make a ſe- 
cond flanc and cafetnate, the one to dy the galleries, 
and the other to endeavour to diſmount the beſiegers can- 
non; thus 'the defence was ſtill p to the attack. 
But ſince thoſe days, that whole arſenals are marched up 
againſt a fortreſs, and that the paſſage of the ſoſsè is 
brought about by faſcinage and ſacks of earth, in defiance 
of all the fire from the flanc, it is in vain for the beſieged to 
extend or multiply their flancs; theſe defences are intirely 
overthrown even in the very beginning of a ſiege. The pro- 
digious ſhowers of granades, ſtones, and bombs, which fall 
among them, the terrible effect of mines which ſpring on all 
ſides, the inceſſant and terrible fire from many thundering 
batteries that tear up from its foundation the only defence 
which they look'd upon as their laft reſource, all threaten 
them with approaching deſtruction, and the only thought 
they can have, after having made as ſtout a defence as 
poſſible, muſt be to obtain a glorious capitulation, unleſs | 
ſome powerful army comes to their aſſiſtance, or that ſome 


dreadful ſtorm and tempeſt act miraculouſly in „ 
he 
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De Count of Pagan's ſyſtem. 

OUNT Pagan fortifies within the polygon, and 

diſtinguiſhes three ſorts of fortification ; the great, 
the wean fort, and the leer; the exterior fide for the 
great fort is fixed at 200 fathoms, the middle fort is al- 
lowed 180, and the leſſer 160. He begins by erecting 
upon the middle of the exterior ſide, inwards, a perpen- 
dicular always of 30 fathoms for all polygons above the 
fquare; and after having drawn the lines of defence to 
paſs at the inner extremity of the perpendicular juſt men- 
tioned, he meaſures out u thoſe lines 60 fathoms for 
each face of his great fortification, 55 for thoſe of the 
middle fort, and for the ſmall he only allows 50; and 
from the extremity of each face he draws a 1 
upon the line of defence, and thus he terminates 
his eurtin of flancs; but theſe rules, and eſpecially the 
perpendicular, vary ſomewhat for ſquares, as may be ſeen 
in the following table. | 


1 
—— — - 


The Great Fortification | The Mean Sort | The Leſſer | 
* I For | For all For | For all For I For all | 
* Squares | other | Squares other | Squares | other 
| Polygons Polygo Polygons 
2 ſide 200 fath. 200 fath. i 80 fath. i 80 fath. 160 fath. i 60 fath. 
The Perpendicular] 27 3 „ %% [ax 3 
Face 60 60 55 55 45 50 
lanc 22 24:2] 19:1ft} 24 18:3 fl.] 23: 2 ft. 
urtin 732 ff.] 70: 51 63: 4ft| 60:4ft] 63: 5 f. 50:4. 
Line of defence 141: 4 fl. [14 1: 25 r 26: 1 f 126: 5 ft115: 5 ft. 112: 3ff. | 


EEE 
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By what we have juſt now ſaid, and by the aſſiſtance 
of this table, it is not at all difficult to trace out the ma- 
giſtral line of any polygon according to this ſyſtem. f 

O 2 The 
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The orillon, which the author makes ſquare, is always 
equal to half the flanc. The retreat of the curtin is taken 
upon the line of defence prolong d, and that of the orillon 
is drawn parallel to it. The three places of each flanc, the 
high one and two lower ones, are elevated two fathoms one 
above the other, as X X, Fig. 1g. and their terre plein, together 
with the parapet, is ſeven fathoms in the ſquare of the great 
fortification; in the ſquare and pentagon of the middle 
ſort; and in the ſquare, pentagon, and hexagon of the 
ſmall; but in all others the ramparts of the caſemates are 
allowed eight fathoms, although the other ramparts of the 
place are to have no more than ſeven. 

f the ſmall forti- 


For all ſquares, and for the pentagon o 
ibed upon the line of 


fication, the loweſt caſemate is deſcribed 
the high flanc, which is fourteen fathoms long. In the 
other polygons, the firſt caſemate is carried inwards five 
fathoms, and the ſecond and third are each 1 5 fathoms 
in length, _. * 75 Eren oe 
In all polygons there muſt be drawn, from the outward - 
extremity of the high flancs, lines parallel to the faces of 
the baſtions, whereby you form an interior baſtion; and 
betwixt the faces of the outward and inward baſtion, there 
muſt be made a dry foſsè to diminiſh the effects of the 
enemy $ mines. 

The foſsè of the place is 16 fathoms broad before the 
faces, and is drawn parallel to them; its depth is three fa- 
thoms. The height of the ramparts is ſix fathoms above 
the bottom of the foſse ; that of the exterior baſtion is the 


_ fame. 


The out-works, which are called by the author the great 
counterſcarps, have two different diſpoſitions. 
Ihe firſt conſiſts in a double ravelin, and a counter- 
guard or cover-face, The demigorges of the great ravelin 


are 
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are each 30 fathoms, the faces 50; the faces of the little 


ravelin — parallel to them at the diſtance of 15 fathoms; 
there is a ſmall fofse betwixt theſe two ravelins. The out- 
ward foſsè of the ravelin and counter-guard is 12 fathoms 


broad, and the thiekneſs of the ſaid counter-guard nine or 


ten fathoms. 

The ſecond diſpoſition of the.ooe-works onnlifts in two 
counter-guards joined together by a curtin-briſce, at whoſe 
extremities are made two flancs. It is deſcribed as follows. 
Take 25 fathoms for the breadth of your counter-guards, 
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and having continued their faces cl they interſect the Fig. 12. 


counterſcarp of the place at the points A B, take from A 
to C and B to D 17 fathoms for the depth of the 
three caſemates, and — perpendicular flancs at the point 
D and C. The ramparts of theſe out- works, and of the 
others, are ſeven fathoms thick; what ground then remains 
is occupied by ſuburbs, &c. 

The height of both theſe ſorts of out-works is four fa- 
thoms above the bottom of the outward foſsè, which is 


but two fathoms deep; this makes the ramparts of the place 


to be not more than one fathom above them. The covert- 
way is four fathoms broad, and what remains is finiſhed in 


the uſual manner. 


Remarks on the Count of Pagan's lem. 


The great and manifold advantages of this ſyſtem above 
all others that had ever appeared till then, drew in many 
admirers, who eſteemed it by much the beſt method of 
fortification; and had it not been for M. de Vaubans 
ſyſtem, its reputation would ſtill have been kept up. In 
effect, the method of deſcribing the flancs is infinitely ſu- 
Pit to what was before practiſed; the double "xy Ate 

n—_— 
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whereby the author pretends to ſtop the of mines, 
* render them uſeleſs; the NE which can contain 
a great number of people and neceſſary cattle, WhO = 
troubleſome in a beſieged place, and — would requir 
a horn or crown-work to cover them, that often — 
very fatal conſequences; laſtly, the retrenched 5 
have ſomething ſo ſtriking, eſpecially to ſuch perſons who 
have not ſeen any thing better, that it is very eaſy to be 
carried away with a falſe notion, without taking notice of 
the errors of this fortification, which however are not fo 
inconſiderable as one would be apt to imagine. The flancs, 
whoſe defence is intirely direct, ſeem at firſt to admit of 
no better diſpoſition; but as it is of the greateſt impor- 
tance to preſerve, as much as ono can, theſe parts, which 
are the only ones that can be made uſe of to flanc the 
breach, and — the paſſage of the foſsè, they are greatly 
mended by M. de Vauban s pete of them; whereby 
alſo the enemy has not the advantage to batter them upon 
& lays. foot The orillons are of a prodigious ſize, 
and render the ſpace of four or five fathoms uſeleſs, where- 
in two cannons more might be placed. The height of 
the caſemates, one above the other, is not ſufficient to allow 
them to fire all at once, and beſides they are too narrow. 
Such ſort of pieces, as obſerves the author of the ano- 
nymous ſyſtems (which we ſhall lay down hereafter) are 
only good to exerciſe the skill, and cauſe the diverſion of 
< A won. who have the ſatisfaction to ſee all their 
throws anſwer their expectation. But as to this, it may be 
believed that the Count de Pagan would have corrected 
them himſelf, if in his times he had ſeen bombs thrown 
with ſuch profuſeneſs and dexterity as they are now-a-days. 
The interior baſtion is only flanked by the caſemates, 


which cannot hinder the miner to fix himſelf at the angie 
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of the ſhoulder. Laſtly, the curtin briſte of the ſecond 
ſort of out-works d their flancs of all defence, and 
thoſe fuburbs within them ſerve to retrench the enemy, if 
taken. It is ns eaſy thing to lay down all the faults of 
any one method, it would be too tedious, and it may fuf- 
fice to obſerve the principal ones, to ſhew that it is not 
without reaſon that we think thoſe of Marſhal de Vauban 
to be the moſt preferable; not that they ought to be 
uſteemed fo perfect, but what they are capable of being 
corrected and amended. Time and uſe diſcover defects 
and errors in all fablunary things, but the love of — 
ought never to betray us into any chimerical notion, ti 
we are ſenſible the change would be for the better. 


The ſyſtem of Monfieur de Bombelle. 


De Bombelte eſtabliſhes three ſorts of fortification ; 
VX. the great royal, the middle, and the /mall royal. 
The interior fide of the firſt he fixes at 80 rhynlandi 
perches, or 160 fathoms; the ſecond at 70 rhynland? 
perches, or 140 fathoms; and that of the third at 60 
rhynlandt perches, or 120 fathoms ; and all three are for- 


tified after the ſame manner. 


give the fifth part thereof to each demigorge 46 and 
dc, and the fourth part thereof to each flanc 31, dl, 
making an angle of 100 degrees with the curtin ; then 
draw the lines of defence razant d p, 6 s, to determine the 
faces. pet 

For the orillons and caſemates, draw the line 5 per- 
pendicular upon the extremity of the curtin ; take the third 
thereof, which ſet off from » to ; ſet off alſo upon the 
oppoſite face a third thereof from 5 to 2, and from z * 
the 
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Let the line @c be the interior fide of the polygon; pig. 14. 
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the line & « o that will be determined at o by the line 3 o, 


perpendicular to the line of defence. 
Continue the line of defence till- it interſe@s the mi- 
diameter of the polygon at x, make & M equal to æ a, then 


join 4M by a right line that will ſerve to determine the 


covert flancs; the center g of theſe flancs is found at the 


ſummit of a little iſoſceles triangle, whoſe baſe is 6 o, and 
its ſides each of them equal to three fourths of its baſe. 
The high and low flanc exceed the point o towards the 
face two or three fathoms. 


The caſemate of the flanked angle is deſcribed by * 


| upon the capital pz, equal to p; the center for the curve 


is taken in the middle of pt. 

The flanked angle of the half-moon is found by deſcrib- 
ing two arches * each other, one from the point 
d with the interval d a, the other from the point 6 with 
an equal interval 4c. The faces are drawn to the extre- 
mities of the orillons, and are fixed by the cou nterſcarp of 
the foſsè that is 24 fathoms broad. We 5 made the inter- 
ſection for the flanked angle of the half moon with the ſame 
intervals, but have taken through inadvertency the points 
a, c, for centers. We have marked this variation in he N 
by the figure y y y. 

The 70 of the- half-moon is 26 fathoms over; the 
counter-guard i is deſcribed by prolonging the faces of the 


half-moon indefinitely, beyond its foſsè; ſo that the line 


1, 2, may be made equal to one of its faces, the angle 
1, 2, 3, ought to be 60 degrees; make 1, 5, the third part 
of the whole line 1, 2, then nothing remains but to finiſh 
the ſmall rhombus 1, 4, 5, 6, as is ſhewn in the figure. The 
foſsè of the counter-guard is the ſame breadth as that of 
the half-moon. All the parapets for this ſyſtem are four 
fathoms broad, and the rampart ten fathoms. 


Remarks 
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Remarks on the ſem of Monfieur de Bombelle. 


This method is more conformable to the maxims of 
a good fortification than any of the preceding ones; 
its faces are defended very directly, and the flanks being 
very large, are capable of affording a good defence with- 
out preſenting to the enemy ſo large a front, becauſe of 
their line being always razant. Nevertheleſs, as the dimi- 
niſhed angle is always of about 21 degrees, it happens 
that the flanked angle of the ſquare is but 48 degrees, 
and that of the pentagon but 66 degrees; this renders the 
firſt intirely irregular, and the ſecond extremely weak; 
moreover the caſemate of the flanked angle weakens: it 
much more than it at farſt ſeems to ſtrengthen it; for firſt, 
as the caſemate is to be made about three fathoms lower 
than the high place, if one would prevent thoſe that are 
below from being burnt by the cannon that is above them, 
which accident = frequently happened, it is impoſſible 
but that it muſt be enfiladed on all fides, eſpecially not 
being covered by any out-works; and ſecondly, the con- 
vexity of the high place at the flanked angle preſents a much 
eaſier front for the enemy to batter than the point of the 
baſtion would be; laſtly, the caſemates ſerve as ſteps for 
the enemy to mount more commodiouſly the breach. 

The entrance into the baſtion at the gorge would be- 
come more ſpacious and convenient, if the concavity of 


the flancs was deſcribed after the uſual method. 
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Fig. 15. 
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The ſyſtem of Monſieur Blondel. 


| Blondel fortifies within the given polygon; he efta- 
+ bliſhes two forts of fortification; the great one, 
whoſe exterior fide is 200 fathoms; and the /efſer one, 
where the exterior ſide is but 170 fathoms; becauſe he 
will not have the line of defence exceed 140 fathoms, 
which is the greateſt muſquet-ſhot, nor leſs than 120 fa- 
thoms, not to increaſe the number of baſtions. 
He begins by the diminiſhed angle, which you'll find 
by taking 9o degrees from the angle of the polygon, and 


by adding 15 degrees to the third of the remainder, as 


for example: 


120 deg. angle of the pol in a hexagon, 
Subſtract — m_ _—_ 


Remains 30 deg. third thereof is 10 
| to which add 15 


gag. forthediminiſh'dangiein ahetagon, 


But in a ſquare it is 15 and increaſes little by 
little in the other polygons up to thoſe baſtions that are 
made upon a right line, where it happens to be 45 de- 
grees. Hence it follows that the flanked angle in a ſquare 
is 60 degrees, in a pentagon it is 66, in a hexagon 70, 
always increaſing as = ygons increaſe; though it never 
is 90 degrees but in thoſe baſtions that are deſcribed upon 
a right line. 

Let AB be the exterior {fide of an hexagon, at each ex- 
tremity make the diminiſhed angles ABC, DAB, each of 
25 degrees; thus you may draw the two lines of defence 
AD and BC, which are to be determined by giving to 


each 
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each of them ſeven tenths of the exterior Les which 
for that purpoſe muſt be divided into ten equal parts; and 
whether the fortification be of the great or * fort, the 
lines of defence always anſwer reſpectively, according to 
the meaſures above laid down; divide A O and B O equally 
in two at the points E and H, and from theſe points draw 
EC, HD, to form your flancs and faces, then join Ob for 
the curtin. 

For the ne take u the flancs EI and HL, each 
of them 10 fathoms, and for the retreat thereof allow five 
or fix fathoms, which v muſt be drawn from the point of 
the oppoſite baſtion. In greater polygons, the author in- 
ſtead of fix fathoms gives even 20 fathoms for the retreat 
of the orillon, that thereby his curtins may not be too 
ſhort. The three platforms which are deſcribed after the 
retreat of the orillon are drawn parallel to the flancs; their 
parapets are three fathoms thick, and their terre-plein five 
fathoms. The loweſt of the three is. about 9g or 12 feet 
higher than the bottom of the foſsè, the 3 18 or 24 
feet, and the third 27 or 36 feet foo the ſaid bottom. 
The gorge of the baſtion i taken up by a cavalier, as 
may be ſeen in the figure, whoſe terre- plein and * 
are the ſame as thoſe of the platforms. 

The foſsè is parallel to the faces, and its breadth is equal 
to the length of the flancs. At the point of each baſtion, 
having taken 10 or 12 fathoms in the counterſcarp, make 
a counter-guard (deſigned to be of brick-work or maſonry) 
four fathoms thick, including the parapet, which is al- 
lowed no more than eight or ten feet. This work is ſup- 
poſed to be full of countermines; its faces are parallel to 
thoſe of the baſtion, and are determined by the foſsè of 
the half- moon. 154 
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The flanked angle of the half-moon is found by de- 


ſcribing two arches from the points E H as centers, with 


the diſtance of E to H for the common interval; the 
faces are drawn to points fix fathoms above the angles of 
the ſhoulder, and are determined by prolonging the exte- 
rior ſide of the counter- guard; the obs is ten fathoms 
broad, and that it may be the better defended; there is de- 
ſcribed upon each face of the baſtion, juſt upon that part 


that diſcovers the whole breadth of the foſsè, two batteries 


one above the other; the like batteries are alſo made at 
the extremity of the faces of the half-moon, as far as 
they diſcover the foſsè of the counter-guard;'' the. little 
half-moons placed at the re-entering angles are defigned to 


cover theſe batteries, whoſe demigorges and faces are al- 
| lowed 20 fathoms. Laſtly, there runs along the middle 


of the great foſsè a cuvet ſeven or eight fathoms broad. 
Remarks on the ſyſtem of Monfieur Blondel. 
If the only thing required in fortifying a town was the 


placing of a prodigious number of cannon upon the ram- 


parts, nothing could be better imagined than this ſyſtem, 


wherein each face is flanked by four batteries, every one 


of 50, and even 60 and 70 fathoms long. But as a pic- 
ture that ſhould fail againſt any of the rules in painting, 
ought to be condemn'd, although its colours were ever fo 
bright and lively; fo likewiſe this prodigious augmenta- 
tion of fire that is offered to us in this ſyſtem ought not 
to dazzle our eyes, and make us ſhut them upon the eſ- 


ſential errors thereof, and which run through the whole 
intirely againſt one of the moſt fundamental maxims of 


this art. a 
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The counter-guard of maſonry, as the author deſigns 
it, cannot reſiſt a long while, becauſe the thickneſs of the 
parapet is no more than eight or ten feet, and there is not 
place enough to ſubſtitute another of gabions or ſacks of 
earth, which neceſſarily muſt be allowed three fathoms and 
a half to be able to withſtand the ſhock of the cannon; 
this counter- guard being deſtroyed, the flancs are quite ex- 
poſed to the enemy's batteries, without being able to fire 
all theit cannon at once, becauſe the ſmall diſtance there 


is allowed from the places above to thoſe underneath them, 


endangers the men which are in the lower ones of being 
burnt; moreover, theſe four batteries are ſo placed in a 
heap together, that the bombs thrown in amongſt them 


would ſoon make a ruined amphitheatre, that would at 


once invite the enemy to an aſſault, from the facility where- 


with he could certainly expect to aſcend it. 

The batteries that are upon the faces of the baſtions, 
and of the half-moons, are liable to the ſame accidents. 
Another objection againſt this ſyſtem, is the acuteneſs of 
the flanked angle, which in almoſt all the polygons is found 
to be ſuch; and the dry cuvet, very juſtly called by a mo- 
dern author a m1iner's niche, is without doubt to be re- 
jected, notwithſtanding M. Blonde! has placed in the re-enter- 
ing angle thereof a caponiere. Several other objections 
there are, which would take up too much time to men- 
tion, beſides the expences, which, as vaſt as they would 
be, ought not to enter into conſideration if the works were 
anſwerable, becauſe, as obſerve the chevalier de Hillèe and 
Count Pagan, a prince ought to open his purſe, and ſhut 
his eyes whenever he fortifies any place whereon the ſafety 
and ſurety of his realms depends, 
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The three em of an eee author. 
Firſt SYSTEM. 


-Powarns the end of the laſt century, in the year 
1689, there was publiſhed a book, intitled, Von. 
velle maniere de fortifier les places, . det" ehbdbodes os 
chevalier de Ville, du comte de Pagan & de M. de Vauban, 
avec des remarques ſur Pordre renforce, ſur les deſſeins du 
capitaine Marchy & ſur ceux de M. Blondel. Therein are 
contained ſuch bold reflections concerning theſe ſyſtems of 
fortifications, that it is ſurpriſing the author — not 
prefix his name to a work that would have gained him uni- 
verſal applauſe. 

It is upon theſe reflections that he grounds his new ſyſtem, 
which, as he owns himſelf, at firſt only appears to be a 
medley, compoſed of pieces taken from different authors ; 
but by his judicious choice and diſpoſition of them, increaſe 
infinitely more the ftrength of a place than any of the ſaid 
fyſtems could do ſeparately, and at the ſame time diminiſh 
the expence. 

He diſtinguiſhes three ſorts of fortifications, the great, 
the mean, and the ſmall ſort; in each of which the ſtruc- 
ture is ſo different, according to the different polygons, that 
it is proper, before we come to a further explanation, to 
ſubjoin here a table, thereby to have at one view the dif- 
ferent references of the pieces; this the author has neg- 
lected, but it is greatly uſeful to render his ſyſtems more 
intelligible to the reader. 


Great 
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Great fortification, 
| © [Polygors iv. v. | vi vn. 
E — 12 " 
| | 9 fathoms fathoms | fathoms | fathoms 
Interior fide 130] 140] 150] 150] 
| | F . 3 22 | 1 * 1 — 
20 | | 
5 Demigorges 25 28] 28 30 
1 x | POETS 3 Ts | * 3 1 
: | f 1 Un- 
e Nn flane aun, 24] 25 2 5 
8 e 
Inclination of the flanc | o 3 3 3 
e | — pn as 
| Un- 
Second flanc o 12] 14 der 
TREES * n 
The right fally of bs) 
orillon . : | | 8 
Retreat of the ocilicn as | | 
| far as the caſemate n 
Retreat of the curtin as | 
far as the caſemate n * * of 
Caſemate ſquare ſquare | round round 


1. All the polygons above the heptag on have the * 
dimenſions as the heptagon, excepting with reſpect to the 
demigorges, for which there muſt be added as many feet 
to bs 0 part of the interior ſide as the number of de- 

the angle of the has above 135 degrees. 
"Ihe bank ſecond and \ hot relate to 22 and 
Aer fortification. 


Mean 
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Mean ſort. Small ſort. 
Polygons , ,,| IV. V. | vi. vn. . v. 
— L ' 2 — — 5 | — 
| ö n fathoms fathoms 
Interior ſide 120] 130 130] 130 [[ 110] 110 
. = In THR" 
Demigorges | 20 15 26 26 1 Ni 
2 Hs een e HTS Un- 1 
Right- angled flanc ang, 24| 24] 24 || 24 
— — . 
Inclination of the flanc IId 42 1 
\ RS > a 3 
| - 

Second flanc o| 10 1 15 0 Y 
— — —ͤů —ä— — — — — 
The OY of the o| f| i 1 © £34»! WA 
Retreat of the orillon = as LH. 4 | | 
far as the caſemate by 5 1 | I | 
* — — ——x — | — — —ää 

Retreat of the curtin as | 
far as the caſemate MN ” 1 3 
— — —— cc — | — — 
Caſemate ſquare | ſquare | ſquare | ſquare ſquare, ſquare 


2. The polygons above the heptagon have the ſame di- 
menſions as the heptagon, excepting with reſpe to the 
demigorges that undergo the changes of the foregoing rule. 
3. The author would not have the ſmall fortification made 
uſe of beyond the pentagon; yet if one was deſirous to 
do it, the flanc muſt always be allowed 24 fathoms; and 
one ſhould begin to enlarge the demigorges from the hep- 
tagon upwards, leſt the faces ſhould become too ſhort. 


By 
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By the means of this table one may fortify any polygon 
whatſoever agreeable to the authors method, excepting the 
ſquare, for which there is a particular ſtructure that we 
ſhall be careful not to omit. | 

Suppoſing a hexagon was given to be fortified, look in- Fig. 16. 
to the table under the roman cypher VI. that ſtands for a 
hexagon, and you'll find 150 fathoms for the interior fide 
a b of this polygon, and 28 fathoms for each demigorge ; 
at the extremities of the curtin raiſe the flancs perpendi- 
cular thereto, as is ſet down in the table, and give to each 
25 fathoms. Having made them at firſt perpendicular, as 
AB and CD, you muſt afterwards ſomewhat incline Fig. 17. 
them by taking three fathoms from A to E, then join 
BE, and that will give you the real flanc, By the table 
you may ſee that the inclination of the flancs is the ſame 
in all polygons, and that in. the ſquare they remain per- 
pendicular upon the curtin. Then take r4 fathoms on 
each {ide for the ſecond flancs, and from theſe points c d, Fig. 16. 
where end the ſecond flancs, draw the lines of defence, 
which paſſing at the extremities of the right flancs will 
interſect one another upon the ſemidiameter of the poly- 
gon, and will thus determine the faces, and the whole is 
finiſhed. 

For the orillon, take ſeven fathoms upon the flanc D H Fig. 17. 
from D to I, carry two fathoms and a half upon the face 

of the oppoſite baſtion from the flanked angle thereof, 

and from the neareſt points draw an indefinite line paſſing 

at I, take one fathom without the flanc from I to F; this 

ſpace is called in the table the right ſally of the orillon; 

from the point F draw FD to the angle of the ſhoulder, 

and then after having a perpendicular in the middle of 

that line, and another on the extremity of the face, you'll 

| N | deſcribe 


wa, WW 
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deſcribe the convexity of the orillon from the center O, 


where theſe perpendiculars interſect each other. 
For the caſemate, take upon the indefinite line that you 


| have drawn from the face of the oppoſite baſtion through 


Fig. 10. 


the point I, one fathom from I to L; and from the points 
Land H, with the interval L H, deſcribe two arches with- 
out, and the point of interſection will be the center to 
deſcribe the concavity of the low flanc; the part IL is 
that which is called in the table the retreat of the orillon 
as far as the caſemate; the high flanc is deſcribed from 
the fame center, at the diſtance of ten fathoms from the 
low one; it is determined towards the face by the indefi- 
nite line, but it is made to run in within the place 15 fa- 
thoms beyond the retreat of the curtin; this is done by 
making upon the line TV an equilateral triangle VT P, 
and from its ſummit P deſcribing the arch T8, thereto to 
draw a chord TS of 15 fathoms. The retreat of the 
curtin is found by drawing a line from the angle of the 
ſhoulder through the foot A of the perpendicular 


oppotite 


flanc AB, till it meets with the high flanc in T. 


The ſecond curtin is diſtant ſeven fathoms from the firſt ; 
the coffer is drawn from one angle of the ſhoulder to the 
other that is oppoſite to it. | 


For the half-moon, from every angle of the ſhoulder ſet 


off b and i upon the faces at eight fathoms, and having 


divided the diſtance þ i into eight parts, you muſt deſcribe 
with an interval equal to ſeven of thoſe parts, from the 
points 5 and i as centers, two interſecting arches, whoſe 
point of interſection will give you the flanked angle of the 


half-moon ; its faces muſt be drawn to 4 and i; its foke 


is allowed 12 fathoms, and is defended by retired batteries 
upon the faces of the baſtions, ſomething like - thoſe 


1 
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in M. Blandal d fortification, excepting that inſtead of 
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making Z X in a direction with the counterſcarp of the Fig. 17. 


half- moon. This author draws it towards the faces, with · 
in three or four fathoms of the flanked angle, which is 
much better, becauſe by theſe means there is always a can - 
non of theſe batteries that lies quite concealed, nor can the 
enemy ever diſcoyer it. It was forgot to be mentioned, that 
the foſsè of the place is 16 fathoms at the angles of the ha- 
ſtions, and is drawn towards the angles of the ſhoulder. 

Ihe little reduit is deſcribed by retrenching from each 
fide of the low curtin ten fathoms for the great and mean 


fortifications, and five fathoms for the ſmall ſort, and with 


the interval s 7, from the points 5 as center, making an 

interſection whoſe points will give you the flanked angle 

of the reduit; its faces muſt be drawn to the points 5, 7. 
The counter-guards are 16 fathoms thick. At the extre- 


mity of the faces the author makes a fort of a flanc, whoſe 


dimenſion and form we have given in a ſeparate figure, 
which is ſufficient to render the ſtructure thereof intel- 
ligible; the line AB is drawn within four fathoms of the 
flanked angle of the half-moon, 

| The covert-way and glacis are traced out as uſual ; and 
was it deſired. to have an avant-foſss, the author would 
not have it done according to the common method, becauſe 
it may ſerve as an intrenchment to the enemy, could he 
but drain the water; but he propoſes to continue the firſt 
glacis from the parapet A of the covert-way to the foot B 


Fig. 18. 


of the counterſcarp of the ſecond glacis; this is certainly - 


much ſafer and preferable. _ 
The polygons of the great fortification from the heptagon 


_ upward, and thoſe of the middle fort from the octogon, 
have their flanked angles, right angles. The author forms 
this angle by joining the extremities of the flancs by, a 
TS: 2 right 
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right line, upon which he deſcribes a ſemicirele, and from 


the middle of its circumference he draws the faces to the 


extremities of the flancs ; theſe faces being prolonged, af- 
ford a ſecond flane upon the curtin, and therefore this 
flanc in the table is ſet down, «ndetermined, becauſe in- 
ſtead of, as in other polygons, this flanc fixing the angle 
of the bation, in theſe laſt mentioned it is itſelf deter- 
mined by the flanked angle. | 

The retrenchments in the baſtion- are made as thoſe in 
the figure, w in caſe of neceſſity, you may only 
throw up the earth that lies betwixt the lines NZ, MY, 


Fig. 17- doing the ſame on the other face, and you cut off all com- 


Fig. 19. 


Fig. 20. 


that the lower curtin, was it made the fame as in other 


munication with the breach. 
For the ſtructure of the ſquare, give to the demigorges 
the number of fathoms ſet down in the table, and raiſe at 


both extremities of the curtin indefinite perpendiculars 


thereto; this done, to have the flanked angle A, join 


BC, upon which make the equilateral triangle BAC; the 


angle A L will be the flanked angle, and the fides BA, AC, 


will be the lines of defence, and ſhall determine the faces 


and flanc, which in the table are called undetermined, be- 
cauſe the author does not determine them before he Gwe 
the lines of defence, as in other polygons, 


In all ſquares, and in the pentagon of the ſmall fortifi- 


cation, the gorge of the baſtion is not large enough to 


allow of thoſe retrenchments that are made in greater po- 
lygons; therefore the author raiſes a little baſtion, whoſe 
face is defended in a razant line by the oppoſite flank ; 

but as it is requiſite for that purpoſe that the parts E F of 
the caſemate and high flanc ſhould not be admitted, and 


polygons, would then be without any defence, he places this 
one in the place where the great one ſhould be, and retires 
the great curtin within the town, The 
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The ramparts are eight fathoms thick including, the para- 
pet, which is allowed three fathoms for the curtin and faces, 
for the lower flancs and all the out- works, and 20 feet for 
the high flancs. The terre- plein of the baſtion is raiſed 
three — above the horizontal line, and that of the 
curtin only two fathoms. The lower curtin is upon a level 
with the covert- way, and the foſßè is two fathoms deep. 
The lower flanc is raiſed one fathom above the horizontal 
line, and of conſequence is {ix feet higher than the lower 
curtin; its terre-plein is ſeparated = the high flanc by 
a foſsè three fathoms broad, to leflen, in — meaſure, 
the terrible effects of bombs. There is a little ſpace left 


betwixt the lower flane and the retreat of the curtin, to ſerve 


as a deſcent into the lower curtin. The outworks are three 
feet lower than the high eurtin; the parapet of the coffer 
is raiſed four feet * the bottom the folse. 
Ihe high curtin, the retired batteries upon the faces, and 
the ere are not lined with brick work or maſonry, which 
diminiſhes greatly the expences. 


Remarks on the firſt Hen, F an anonymous author. 


It muſt be allowed, that the invention of this ſyſtem is 


very judicious; all the pieces therein are well flanked, and 
the defences are neither too oblique or too open; the flages 
are of a reaſonable ſize, and have even the advantage of great- 
ly increaſing their fire by being prolonged within the place; 
hereby Sale may be looked upon as razant. The caſemates 
are rendered as uſeful as can be expected, without being 
ſo liable to accidents from the enemy's bombs, becauſe of 
the foſsè that ſeparates. them from the high flancs; and if 
the author makes a fauſſe-braye tis only ie the curtin,, 


which i is ſeldom expoſed to the enemies attacks ; and then. 
| he 
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he does not deſign it ſo much with a view to ſtrengthen 
the place, as to ſave the ſums that it would coſt to line the 
high curtins on every ſide of the polygon. * 
Wich all theſe advantages, there are ſome eſſential errors 
in this ſyſtem that ought neceſſarily to be corrected before 
ever it is brought into practice. The baſtions are raiſed 
too high above the outworks, which are at leaſt 1 5 feet 
lower, this expoſes them too much to the enemy's fire. 
The caſemates are alſo too high with reſpe& to the high 
flancs, which are only two fathoms above them. The re- 
tired batteries in the faces facilitate greatly the breach. 
Laſtly, the author had done much better if he had 
lengthen'd his flancs outwards, making his defence razant, 
than to have prolonged them inwards, whereby their fire 
becomes very inconvenient to a great part of the curtin : 
but he owns himſelf, that in this he did not follow his own 
inclination, and was it” not to avoid the augmentation of 
expences, to which many people pay too great a regard at 
very unſeaſonable junctures, he ſhould prefer the two other 
plans that are at the end of his book, whoſe ſtructures will 
immediately follow. We have ſaid nothing about the dif- 
ference of bis caſemates, which he makes either flat or 
round, according as he wants to gain ground; becauſe by 
the table one may ſee in what polygons he makes uſe of 
them. We ſhall only add, that he is deſirous of diſpoſing 
the ſtreets of a new place after the manner they are drawn 
out in the figure, to have the houſes repreſent either a te- 
naille or horn-work before each baſtion, together with a 
half-moon, that they may ſerve as intrenchments; but it 
is not probable that a whole town ſhould undergo the in- 
conveniencies of ſuch a diſpoſition for an advantage in 
the main ſo inconſiderable, and that one ſeldom cares to 


depend upon. 
The 


Tur EuzmenTs or eee. 


E ſecond 22 15 an aeg, a 
T H K author having propoſed. this and the flowing 


ſyſtem as mere projects, has only given us the ſtruc- 


ture of them for an octogon, even without a ſufficient 
explanation; but it wouſd be eaſy to apply them to all 
ſorts of polygons by his idea; and for the ſtruc- 
ture, we ſhall Pee lay it down as the Abbot * Deidier 
has imagined it, and which agrees _ well with what the 
author himfelf ſays thereof. 

Draw the line 4 5 indefinite mb hb, at the point 4 
make the angle 5 2 0 67 and an half, which is half 
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of the angle of the polygon in an octogon; make alſo at Fig. 21. 


the fame point 2 the diminiſhed angle 5 & of 32 
and a half, that the half-angle of the baſtion may be 
35 degrees and of conſequence the whole flanked a 
of 70 degrees; give to the line of defence #& 150 ta- 
thoms, and to the face ac 52 fathoms; from the point d 
draw an indefinite line "parallel tw #6, and fixing your 
compaſſes at the extre 
with an interval of 58 fathoms, until it interſects the laſt 
drawn line at the point 2, which join to c by a right line 
that will be the — and conſequentiy will be 58 fa- 


thoms long. Then in the middle of the curtin A erect 


a perpendicular until it cuts the line of defence at 6, 
through which point, and through the point , you may 
draw another line of defence 7 5, to which give n 
to 3 150 fathoms; upon this line take the face for the ad- 
Jacent baſtion, and from the extremity of the face draw 
the flanc to the extremity of the curtin. After this, to find 
the center of the polygon, let fall the perpendicular _ 


Author of Ze parfait Ingenieur franpois. 


c of the face, deſcribe an arch 


220. 
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the middle of the curtin until it interſects the ſemidiame- 
ter a 0 at the o, which will be the center, from which 
you may deſcribe a circle, and upon whoſe circumference 
you may meaſure the fide à þ eight times. 

After this, it will not be difficult to make the fame 


ſtructure for the other ſides of the polygon. All that is 


requiſite is only to draw from the center o a perpendicular 
line oi upon the middle of thoſe ſides, and take os equal 
to o þ, and then draw through s from each angle of the 
polygon the lines of defence, to each of which give 150 


fathoms, and finiſh the reſt eee to * other mea- 


{ures above given 


The flanc cn muſt be divided into two * the firſt 
of which, u, is 25 fathoms, and the ſecond, cz, is 33 
fathoms; from the foot 4 of the oppoſite. flanc. there in 
drawn a line dt, which interſects the ſemidiameter of 
the polygon, and forms one face of the interior baſtion. 
The caſemates and high flancs of this baſtion are circular, 
but thoſe of the exterior baſtion are in a right line; there 
is always a foſsè three fathoms broad betwixt the high flancs 


and low ones. Before the caſemates of the interior baſtion 


there is made a ſmall convex flanc, which. only ſerves for 
muſquetry; it is one fathom lower than the caſemate. 
The foſsè is deſcribed, by firſt drawing a line from the 


flanked angle à to the oppoſite angle of the ſhoulder, and 


afterwards drawing a 


parallel line to the face ac at the 
diſtance of 16 fathoms from the faid face, until it inter- 
ſects the other at ; the depth of this folsd is_four fathoms 
from the angle of the ſhoulder ? of the interior baſtion 


unto the counterſcarp, and goes off in a talus towards the 
curtin, where its depth is reduced to one fathom. There 


is à caponiere that runs from one angle of the ſhoulder 
of the interior baſtion to that of the other. The faces of 
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the exterior baſtions are raiſed two fathoms above the ho- 


rizontal line, and are conſequently ſix fathoms from the 
bottom of the foſsd. The interior baſtion is raiſed three 
fathoms above the horizon. The low flanc of the exte- 
rior baſtion is raiſed two fathoms from the bottom of the 
folse, but the high flanc is raiſed four fathoms. The reſt 
of the baſtions betwixt the high flancs is upon a level with 
the low flanc; ſo that, in caſe of — one might 
cut off the high flanc, which is only four fathoms and a 
half thick, and thereby intirely ſeparate the interior ba- 
ſtion. The work that runs along the counterſcarp, and 
that the author calls a falſe-braye, has its flancs 25 fa- 
thoms long, and its line of defence ought never to ex- 
ceed 150 fathoms. The foſsè of this work ought to be 
12 fathoms before its faces. The three half-moons, and 
what elſe remains of this ſtructure, is eafily conceived by 
caſting an eye upon the plan. $2% 


Remarks on the ſecond ſyſtem of an anonymous author. | 


This fortification conſidered in itſelf, and deprived of 
ſuch circumſtances which render it almoſt impracticable, 
would be excellent, if the author, inſtead of digging {6 
deep a foſse and lowering his out-works, had, on the con- 
trary, raiſed them after M. de Fauban's example; fo that 
the body of the place, of which the out-works ſtand in 
no need of their defence, had been almoſt intirely covered. 
Hereby the enemy, after having taken thoſe works with 
much coſt and pains, (for their reſiſtance would certainly 
not be inferior to that of the ſtrongeſt places,) would ſee 
himſelf obliged to begin, at freſh coſt and trouble, ano- 
ther ſiege ſtill more troubleſome, not being able to place 


himſelf elſewhere than on a heap of ruins, enfiladed on all 


R fades, 


I2T 
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deſtroyed by bombs, one 
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ſides, and where he could retrench himſelf but with the 
utmoſt difficulty. 

However, when one comes to conſider the exceſſive ex- 
pences of this fortification, and the number of ſoldiers it 


requires to man its works, eſpecially if one had to deal 
with mutinous and diſcontented inhabitants, who care 


little what prince they obey provided their houſes are not 


d ſoon ſee that two or three 
places thus "Fortified would intirely drain a prince's coffers, 


and depopulate his dominions. It is true, a prince ought 
to ſpare nothing on ſuch · like occaſions, becauſe the Ioſs of 
his ſtrong places would ſtill be a greater loſs; but pru- 
dence ought to direct him, and theſe expences ought not 


| to render him incapable of keeping a good army in the 


field, by obliging him to make uſe of the greateſt nuinber 


of his troops for garriſons. 


The ſecret of fortification does not then conſiſt in 
multiplying the works; otherwiſe there need only be 
made great number of out- works one before the other, 
and one ſtronger than the other; but in diſpoſing them 


in ſuch a manner that one may be able to make a vigo- 


rous defence with à ſmall number of which may 
not conſiderably diminiſh thoſe that ought to be in the 
field to make head againſt the enemy; and this is found 


in M. de Yauban's ſyſtems, n bee than in all 
others. 


The third ſyſtem of an anonymous author. 


W third ſyſtem differs from the ſecond with reſpect 


to the body of the place, by having the faces of the 
baſtions longer, ind the fancy leb inclined For its ſtruc- 


ture, make the ſame angles as in the laſt, and: after having 


given 
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Siren 1 50 fathoms for the line of defence,” and drawn the 
indefinite line B C, draw another indefinite line 8 P within 
the place, and pardlle 
terwards take $56 fathons upon the line of defence from 
Teber the fare of the baſtion: take 58 fathom, 
and fixing one foot of your com alles in B, with the 
po deleribe an arch <Q will nterſek the line 8 P 
at 8, to which t draw your flanc 8 D; this flanc 
will interſe& the indefinite ins GB ae C "divide CB 
equally in two L, upon w raiſe the perpendicular 
LHE that will interſet the line of defence at H, and 
fall upon the middle E of the exterior fide of the poly- 
gon; from the point C, through H, draw the other line 
of defence, and finiſh hat remains as in the foregoing 
9 Ihe 


the exterior baſtion; and the faces of the reduit are drawn 


to the orillon of the inferior baſtion. 
The flanked angle of the counter-guard is 70 fathoms 
diſtant from the flanked angle of the exterior baſtion ; 


the faces arc drawn to the of the half-moon, 
within 30 fathoms of the flanked angle. This work has 


no foſiè. | 
A os abs b {ele of an anonymous author. 
this fortification ſeems to be leſs compoſed 


Although 
than that of the laſt-mentioned ſyſtem ; nevetheleds * 
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to BG at fix fathoms diſtance; af- Fig. 22. 


44 great half-moon is deſcribed as it is in the firſt Fig. 23. 
method; RE Ns fo drawn to the orillon of 
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works, becauſe there is no foſse betwixt them and the 
covert-way. Moreover, the large ſize of theſe counter- 
guards, to which add their continuity with the covert- 
way, offer a vaſt ſpace to the enemy, which he can ap- 
proach without much trouble, and retrench himſelf there- 


in, to the great detriment of the place, having firſt ruined 
the defences of the half-moons. | 


It is alſo improper that the author, in this ſyſtem, at 
once preſents to the enemy's view all the ſtrong parts of 
a place like a ſort of amphitheatre, whoſe higheſt pieces 
are even too elevated; this great diſplay only ſerves to warn 
the beſiegers to redouble their batteries, and their vio- 
lence nothing can withſtand; whereas by having ſome 
hidden reſources, the befiegers meet with much more 
hindrance and trouble. The interior baſtions, for ex- 
ample, would be excellent for fuch purpoſes, 'had he made 


them lower, and had he covered them more by prolong- 


ing the orillon of the exterior baſtions; for then the faces 
of the interior baſtion could not be battered but from 


the rampart of the exterior baſtion, which is of no great 


extent, and where the enemy could bring up cannon but 


with extreme toil and fatigue, becauſe of the great depth. 
of the folse. e. 0 210 V 2 


We have forgot to mention, that inſtead of a terre- 
plein for the lower curtin, the author propoſes to make a 


canal full of water, where ſhould be placed batteries upon 


boats, covered with pent-houſes to prevent their being 


damaged by bombs; this expedient is new and ingenious.. 
But the author is not quite ſo much in the right when hie 
adds, that the water of this canal: might ſerve to over- 
flow the foſsè after the enemy. had mounted: the breach; 
for it is not eaſily to be imagined that a foſsè of: four fa - 
thoms deep, and 16. fathoms wide before. the faces 4 | 

| the. 
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The Two SYSTEMS of the Chevalier St. Jouren. 
The ſyſtem of the Chevalier St. Julien for great places. 


4 


HE Chevalier St. Julien has invented a method to 
fortify great places, which coſt moſt to defend, 


whereby he-pretends not only that the expence is reduced, 


this we'll grant him, but alſo that the ſtrength of the place 


is: greatly augmented; this we ſhall examine, after having 


laid down the ſtructure. 


Suppoſe then that we had an octogon to fortify accord- 


tion, can be overflowed by fo ſmall a quantity of 


125 


ing to this ſyſtem; give to the exterior ſide a4 240 fa- Fig. 24. 


thoms; divide this line equally in two at the point c, 


and make the perpendicular ci 24 fathoms, which is equal 


to the tenth part of the exterior ſide; draw through the 
point #: the lines of defence a7 /, 5+ h, and make 1% i 5, 
each of them equal to 70 fathoms; join 5 by a right 


line, which will be the curtin, and from its middle o draw 


the lines. of defence razant o a, oh, thereon to take 48 fa- 


thoms for each face, equal to the fifth part of the exterior 


fide; then. draw your flancs from each extremity of the 


curtin. Theſe meaſures ſerve for all ſorts of polygons. 


For the orillon, take two fiſths of the flanc, and finiſh, 
the reſt after M. de Vauban manner. The folse, whoſe 
counterſcarp is parallel to the faces of the baſtion, is 20 
fathoms broad; and as in this ſyſtem the lines of defence 
for the muſquet is taken from the middle of the curtin, 
the author places in the foſsè, from the middle of the. cur- 


tin to the gorge of the half moon, a covered caponiere 


ſeven feet high and ten fathoms broad, wherein. he places. 
l NJ CANNON; 


Fig. 25. merlons and embrazures, 


height of the rampart above the horizon is but two fa- 
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cannon to flank the faces, and over them he makes a 


gallery for the muſquetry, and to ſerve as a paſſage to the 
ravelin. 
The half-moon or ravelin has 45 fathoms for the ca- 


pital; its faces are drawn within 15 fathoms of each ex- 


tremity of the curtin; its ſoſeè is 10 fathoms; the coun- 


ter-guard is allowed 3 5 fathoms from p to g; its faces are 
parallel to thoſe of the half- moon, and its folse is x 2 fa- 

The covert-way is five fathoms broad ; the demigorges 
of the places of arms are i 5 fathoms, and their faces 20 


fathoims; they are covered by traverſes on each fide, and 
in the middle are made redoubts, wherein are placed can- 


non and muſquetry on proper occaſions; the glacis is 30 

or 40 fathoms. | 1 = 5 
The rampart is 12 oms thick, including the parapet 

which is five fathoms, that it may reſiſt the better. The 


* 


thoms, and the out- works are only two or three feet lower; 
this the author has obſerved, that the enemy's batteries 
might have leſs hold, by burying as it were the works, 
which he covers by traverſes at certain diſtances, to pre- 
vent the enfilade. In ſeveral places he raiſes cavaliers for 
barbet batteries, eſpecially at the gorge of every baſtion, 


where the cavalier has two different batteries, the one 


raiſed higher than the parapet of the place, and the other 
on a level with the top of the rampart, and vaulted 


form; the embrazures are allowed one fathom and a half, 
and the merlons two fathoms. Ke 
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Remarks on the Chevalier Si. Julien's em for great places. 


Al 
ſuch as the cavaliers of the 
rates the baſtions from the body of the * and puts 


that in a manner ſepa- 


the beſieged in a condition to defend them 


flanked by the caponiere chat runs from the middle o 


can be i 
bombs ; 
the enemy, having deſtroyed the parapets 


a very large front. 


The merlons of the flancs cut in a circular form are cer- 
tainly more ſolid than they would be otherwiſe; but it is 


a queſtion. whether they are. ſo. convenient for "traverſing 
the cannon: 


2* Ham of the Chevalier St. Julien for frat Places. 
H E intention of the author in the. f ſyſtem 


derably the prodigious expenc 
tify a large city; but as there. are. ſeveral ſmall p 


which are of great im 


e, he has 1 


EXPENC 
preferable to his other nn but.in not entirely tree. from 
defects. 


| there are ſome excellent things in this ſyſtem, 


Ives the longer 
after the breach is made; yet the faces are too. obliquely 


the- 
eurtin to the- gorge of the half-moon, which caponiere 


_— ruined by two or three of the enemy's 
nes alſo are not. ſufficiently covered, ſince 


of the half. moon 
. of the counter - guard, diſcovers thoſe. of the flanc upon 


was, as we have already obſerved, to reduce conſi- 
es which are required ot = 


and may be fortified a K les | 
for theſe a new ſyſtem, which is 
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Suppoſe an hexagon w: was 3 to be fortified; give N42 Fig. 26. 


fathoms to the exterior fide a4, and make c d the: 
pendicular equal to a fourth part of that ſide, which is 4 5 


fathoms; 


528 
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fathoms; then draw the lines of defence indefinite, 
and make a/ and 61 120 fathoms; give 60 fathoms to 
the faces a 5, br, and carry 30 fathoms from d to o, from 
d to t, the line 0 7 will be the curtin of the place, and 
the line i will be the curtin of the tenaillon; draw the 
lines z 7,0 5s, and through the angle of the ſhoulder draw 
p, 59," parallel to the exterior ide. Within make a foſsè 
eight fathoms wide, and hereby you'll have the faces «x 
of the baſtion, and you will alſo determine the right 
lined flanc xz, which you may make concave, and thereto 
add an orillon according to M. de auban's manner. Then 
draw the flancs of the tenaillons parallel to thoſe of the 
place, until they meet the prolonged faces of the exterior 
or avant baſtion. 191 x. 9 
The foſsè of the place is 16 fathoms wide; the capital 
of the exterior half- moon is 70 fathoms; its faces are 
drawn to the points 2 7, which are 20 fathoms diſtant 
from the extremities 7 5 of the faces of the avant- baſtion; 
its foſsè is 12 fathoms. 17 
The capital of the interior half-moon is 45 fathoms; 
its faces are parallel to thoſe of the exterior half- moon; 
its foſsè is 10 fathoms wide, and its gorge is rounded off, 
ſo that one may ſee from 1 to a without any interruption; 
this the author does becauſe he deſigns that a battery might 
be placed in the dry foſsè 4 p to gall the enemy, after he 
had made a breach at the flanked angle à of the exterior 
baſtion: ihn ine 201 a ie 
Me have forgot to make little flancs to the half-moons, 
as the author has done. % all 3 ee e 
The covert-way is as uſual, and the glacis ought to be 


35 to 40 fathoms. 


Remarks 
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Remarks on the Chevalier St. Ju lien's item for [mall places. 
According to this ſyſtem, the flancs have a good defence 


that comes very near to a direct one, and yet they are not 
too much uncovered: The faces of the interior baſtion 
are quite hidden to the beſiegers batteries; the breach is 
battered in the rear from the battery of the dry foſsè of 
the oppoſite baſtion, againſt which the enemy cannot 
bring any cannon to bear. Laſtly, the tenaillon is capa- 
ble of affording a great defence, becauſe its flancs are very 
long; but it muſt alſo be obſerved, that the flanked angle 
of the avant-baſtion is too acute, and that of the inner 
one too obtuſe ; this facilitates greatly the breach, where- 
on the enemy can at any time make a lodgment, not- 
withſtanding the battery of the dry foſsè, becauſe he can 
deſtroy it by bombs, though he cannot make uſe of can- 
non againſt it. To this add, that as ſoon as this battery 
is ruined, the faces of the interior baſtion remain” quite 
defenceleſs. | a 


The ſyſtem of Donato Rofletti, commonly intitled 
Fortificazione a roveſcio. 


D Onato Roſſetti, a canon of Leghorn, profeſſor of ma- 
| thematics in the academy of Piemont, and mathe- 
matician to the Duke of Savoy, is the author of the fol- 
lowing ſyſtem, which he publiſhed in ITralian Dialogues 
in 1678. His book is very ingenious, and contains ſuch 
judicious obſervations concerning fortifications, eſpecially 
conſidering the time it was wrote in, that it is ſurpriſing 
it has not been more univerſally taken notice of- than hi- 
therto it has been, ſince ſeveral others, certainly much in- 


ferior to this, have been too favourably received. 
8 The 
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The author intitles his ſyſtem, Fortificazione a. roveſcio, 
which in our language ſignifies, that it is deſcribed in a 
manner quite contrary to that of other fortifications ; not 

only becauſe the 2 angle of the counterſcarp is 
juſt before the flanked angle, which is contrary to all other 
ſyſtems; but alſo becauſe the author imagines that it muſt 
be attacked in a contrary manner to that wherein others 
are attacked, 8 
Fig. 27. For the ſtructure, ſuppoſe an octogon, whoſe interior 
ſide A B is taken for 108 fathoms; after having prolonged 
the ſemi-diameters indefinitely, and raiſed indefinite per- 
pendiculars in the middle of the ſaid interior fide A B, 
divide it into ſix equal parts, and take one for each de- 
migorge, and one for each flanc, that muſt be drawn per- 
pendicular upon the curtin. The lines of defence are al- 
ways razant, and determine the faces; at each extremity of 
the curtin wy fathoms from C . to F, 
and upon E F raiſe perpendiculars, which, inter- 
eting the lines of defence, give the low flancs with their 
* faces. 

Take 2 the extremity of the ſuperior faces from the 
angle of the ſhoulder three fathoms, and fixing one foot 
of your compaſſes at 8, and the other at T, deſcribe an 
interſection, at whoſe point you will have the flanked 
angle of the half- moon; its faces are drawn from thence 
to the points 8 and T, and are 30 fathoms cach. This 
being performed on every fide of the polygon, draw from 
the extremity R of the face of one of the half-moons 
the line RO, which paſſing at Q, the flanked angle of 

the other is determined at P by the interſection of the line 
of defence prolonged from the remoteſt face of the oppo- 
fite baſtion y then take fix fathoms upon the curtin 
E to V, and having drawn the exterior fide of the 


polygon, 
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polygon, draw alſo VP, which cuts the exterior fide at 
; join N with the extremity of the face of the half- 
— and this line ſhall be its flanc. For the remaining 
flancs, you need only ſet off the diſtance from N to the 
perpendicular in the middle, on each fide of all theſe per- 
pendiculars, and you wilt have the points, whereto from 
the extremity of the faces you are to draw the flancs. 
From the point P draw the line PM to the angle of the 
ſhoulder of the te half-moon, and prolong it on the 
_ — towards X, at which point it will interſect the 
perpendicular raiſed upon the middle of the 
— ſo that by carrying the diſtance ZH from the 
flanked angle of the baſtion outwards upon every pro- 
ſemi- diameter of the jon, and the dine 

X Q upon all the indefinite lars from the flanked 
angles of the half-moons, and afterwards joining the out- 
ward extremities of theſe diftances, you will deſcribe the 
whole extent of the cou round the place. 
The covert-way is five fathoms broad; but the breadth of 
the glacis at the re-entering angles is equal to the length of 
the lower flanc, and at the faillant-angles it is doubled; this 
the author did contrive that the face of the baſtion might raze 
the glacis on all fides. Sometimes he prolongs this glacis 
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until it comes to be fix feet lower than the horizontal line, Fig. 28. 


the part whereof IL, that lies below the hortzon, he calls 
a ſecond glacis, to which he adds a ſecond covert-way LH. 

The height of the higher faces and flancs, their parapets 
inclufkve, is ſix fathoms above the horizontal line; the 
height of the lower flancs and faces, and of the curtin, 
is but three fathoms from the faid line. The breadth of 
the folse is: divided into three different „which the 
author names the dry fijse, the fordable fofse, and the 


dnp foes. 


S 2 The 


| 
| 
| 
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Fig. 28, 
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The counterſcarp is three fathoms lower than the hori- 
zontal line, upon which take 18 fathoms from A to B; 
and having divided the line AB equally into two at C, 
let fall the perpendiculars BE, CF, the firſt of which, 


BE, is determined by the ſurface'of the water; the ſecond, 


CF, is four or five feet under water; 3 and then draw the 
line OEFG, the part thereof OE is allowed for the dry 
folss, the part E F is for the fordable foſse, and the part 
FG is for the deep folse, It does not ſignify whether the 
— O EF Gs a right line or not, the level of the water 
to regulate this. The foſsè at the foot of the counter- 
ba muſt be dug deep enough to afford eight or nine 
feet of water at leaſt. | 
| The covert-way is raiſed one fithom above the horizon- 
tal line, and the height of the half-moons above the bot- 
tom of the foſse is abou four or, five fathoms and a halt. 
The author joins them to the higher faces of the baſtions 
by a wall that he calls chemin 2 rondes, becauſe one may 
come along the top of this wall to go the rounds in the 
half- moons. By this he reckons to diminiſh the number 
of centinels, which he only places at the flanked angles, 
and to allow a place before the curtin to lodge the auxi- 
liary troops which could not be billetted in the town; be- 
ſides, deſerters could not ſo eaſily make off; but in caſe of 
a ſiege he would have theſe walls demoliſhed in thoſe fronts 
that ſhould be attacked, that they might not hinder the 
defence of the lower flancs, 

In the dry foſse he adds two falſe-brayes, whoſe profils 
are repreſented in the figure; the exterior one that is next 
to the fordable foſsè, is dug fix feet deep in the ground, 
and 1s three n broad; the other, that is upon the 
ſame level as the dry foſse, is at three fathoms diſtance 
from the point of the baſtion, and is covered by a parapet 


made 
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made with the earth dug out of the exterior one. Laſtly, 
the author propoſes intrenchments in the half moons, ſuch 

as is deſcribed in the figure 27 at the half- moon Y; but 
| this ſhould be done only when occafion required it, and 
the earth that is taken the flancs ſerves to make the 
interior _ 

His ſtructure varies in vide polygons with reſpect to-the 
different dimenſions, as may be ſeen in the table we ſhall 
hereafter inſert for the ſatisfaction of the curious, and in 
the manner in which he deſcribes the ſquare, which ſhall 
be ſoon explained; but we will firſt lay down the pecu- 
liar names the author makes-uſe of in his treatiſe. 

The line CE is called the wing of the baſtion; the height 
of its rampart is double that of the curtin. 

The line E V is termed the wing of the curtin, becauſe 
it diſcovers the point of the aggreſſor. 

The line RQ is called the fixed line, becauſe it is 
drawn always in the ſame manner in every polygon what- 
ſoever excepting the ſquare, wherein it cannot poſſibly be 
drawn ſo, as may be ; by the figure of that polygon. 

The prolongation PQ. of the * line is called the 
directory line; it is not always terminated as in this ex- 
ample, by the prolongation of the line of defence inter- 
ſecting it, becauſe ſometimes the foſsè would become too 
narrow before the flanked angles of the half moons; but 
the author fixes it as is moſt convenient; this is ſhewn in 
the table. 

The line PH K is called the variable line, ne i it 
does not at all times coincide with the line of defence, but 
ſometimes terminates at the angle of the flanc, ſometimes 


lower towards the curtin, and ſometimes higher 3 


to the different poly — 
| The 
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1384 


Fig. 30. 


muſt make his bridge ſot the 


two equal parts, 
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be line PV is called the third concurrent, becauſe it 


interſects both the lines PR and PK. 


The point P is called the point of the qggreſſor, becauſe 
the author pretends that it is at this point that the 
paſſage of the falſe. : 
Laſtly, the line MZ P is called the zernmuwnating line, 
2 thereby you deſeribe the counter ſcarp round the 
- We have omitted to obſerve, that to trace in the ichno- 


graphical plan the line that bounds the interior extremity 


of the wet foke, you muſt divide the diftanee Z H into 
3 
endicular PI e line PK, which perpendicular 
muſt be made — hk the lower flanc; this done, what 
remains may eaſily be finiſhed by mere inſpection of the 
figure. It is to be obſerved likewyſe, that the author rounds 
off half of the higher flanc towards the curtin, and draws 
that part of the lower flane that is cut by the line 
of defence, towards the extremity V of the wing of the 
curtin. | 

In the ſquare, the greateſt: number of theſe lines cannot 
be drawn after the ſame manner, becauſe the hal-moons 
are intirely hidden one from the other; therefore here fol- 
lows the proper ſtructure for that polygon. 
The interior fide is allowed 108 fathoms, each demi- 
gorge is 1.5 fathoms, the higher flancs 15 fathoms alſo, 
the lines of defence are razant; the wing of the baſtion 
is 15 fathoms, the wing of the curtin ſx fathoms; the 
flanked angle of the balf-moon is found by the ſame means 
as already given; each of its faces is 30 fathoms. Then 
from a point at the diſtance of three fathoms from the 
flanked angle of the baſtion, draw the fixed line A B, 
which being prolonged 22 fathoms from B to C, you have 

the 


11 
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the line B C for your directory line. The terminating line 
is found by prolonging the ſemidiameter of the polygon, 
and carrying from E to F 21 fathoms, and joining FC 
you may eafily finiſh the reſt as is above explained, 


and by viewing attentively the figure. The variable line 


ought not to occaſion the leaſt trouble, for the author on] 


makes uſe of it to ſhew the quantity of fire the beſieger is 
expoſed to in different polygons. Here follows the table. 


„ 
Polygons | 
Interior fide 
2 fed 
Demigorge | 
Wing of the baſtion | 15 | 12 | 15 | 134} 12 | 12 | 12 | 12 | 12 
— ä SS — — n — — — — 4 
Wing of the curtin 6] 6] 6] 6] 6 
| | | 

| ++) —4 | 12 | | 
Face of the hlſ- moon 39 | 30-| 30 | 30 | 30 
——_ — 8 — | — 26k 1648” {5 
The directory line E 254 25 | 24 | 24 | 224 
EROS EL — 


Remarks on the ſyltm of Donato Rofletti, commonty called 
Fortificazione a roveſcio. | 


Nothing ſhews more the genius and capacity of this au- 
thor, than the plainneſs and ſimplicity of his ſtem, that 
neither requires great expenees, — ' 
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and yet oppoſes to the enemy an equal, if not a ſuperior 
fire, to many other ſyſtems much more compoſed. The 


invention of his foſsès, wherein are found all at once the 
advantages of water, and of dry foſsès, without any more 


coſt for their ſtructure than for the ordinary manner of 
foſsès; the art whereby he raiſes his walls upon the hori- 
zontal line, ſo that the enemy cannot perceive the foot 
thereof but when he is placed upon the counterſcarp; the 
hollow half-moons, wherein it is impoſſible for the be- 
ſiegers to lodge themſelves without being ſorely galled from 
the place; the falſe -brays, which are not enfiladed, and 
exceedingly well placed to defend the paſſage of the foſsè; 
laſtly, the lines of defence razant, which he makes uſe of 
notwithſtanding the univerſal prejudice and received no- 
tion of the Italians in favour of the ſecond flanc, prove 
the excellency of his judgment. His book contains ſeveral 
other uſeful and good "things relating to this art, which 
however we ſhall omit, to ſupply their place with others 
that we judge ſtill more neceſſary to our preſent purpoſe. 

The author, it ſeems, makes two ſuppoſitions, which, 
if found to be falſe, will diminiſh by the half the force 
of his ſyſtem. The farſt is, that the enemy being come 
as far as P, which he calls the point of the aggreſſor, 
muſt ſtill be expoſed to all the fire of both the high and 
low face of the wings of the baſtion and curtin, of the 
face of a half- moon, of the flanc of another, and of the 
two flancs of the baſtion. The ſecond ſuppoſition is, that 
the enemy muſt chooſe that point to lodge himſelf upon 
the counterſcarp preferably to any other. We need not 
ſtand to refute the firſt, which of itſelf is evidently falſe, 
ſince every body knows that the beſiegers ſeldom advance 
as far as the counterſcarp but after that they have ſilenced 
all the batteries of the beſieged which could be difcovered 


from 
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from the furtheſt off; and it muſt be obſerved, that nothing 
in this ſyſtem prevents the former to be able to deſtroy: 
— the field the high faces of the baſtions, thoſe of the 
half. moons, and the wings of the baſtion. 
His ſecond ſuppoſition ſeems more probable, becauſe in- 
deed you can batter the flancs of the baſtion K, but from 
this point, and you are obliged, in the attacks of this 
ſyſtem, before the paſſage of the foſsè is attempted to 
mount the breach at H, to raiſe another battery at the 
p_ point to batter the baſtion B and the flanc N of y 
If. moon, both which defend the paſſage of the foſsè; 
but allowing theſe ſu ppoſitions, "ok of thele batteries 
muſt withſtand, at the ſame time, all the fire of the 
flancs of the baſtion and of the oppoſite half-moon. There 
is no reaſon why the enemy ſhould not make uſe of the 
faces of the place of arms of the re- entering angle, and 
by cutting into the glacis to make proper epaulements, 
fix two croſs- batteries that would batter the flancs of the 
half-moons; after theſe were deſtroyed, the batteries might 


then be removed to the points of the aggreſſor; the glacis 


could at once be cut away at theſe points, and this would 
be better; ſo that the beſieger might be covered from the 


flanes of the baſtion, and after having battered the flancs 


of the half-moons in enfilade, he might then direct his 
batteries againſt the flancs of the place. It is certainly 
no inconſiderable advantage in this ſyſtem to oppoſe con- 
ſtantly to the paſſage of the foſsè the flancs of two ba- 


ſtions; but certainly this ſame advantage is greatly dimi- 


niſhed by a great number of other defects, moſt of them 
inevitable in the ſtructure of this ſyſtem. The angles of 
the half-moons are too acute, and thoſe of the baſtions too 
obtuſe; this facilitates the breach, as we have already ob- 
ſerved elſewhere, The perpendicular flancs occaſion the 

| T embraſures 


F3X 
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embraſures to be made very oblique, which diminiſh very 
much the ſtrength of the merlons. The lower flancs are 
not deep enough in proportion to the higher ones, and 
both are very much expoſed to be enfiladed, if the parapet 
of the faces that covers them is ovetthrown; but this might 
have been prevented if the author had applied an orillon. 
Laſtly, the walls raiſed upon the horizontal line are very 
convenient for the miner, who. can eaſily make his way 
under them, eſpecially if he can ſlip into the firſt 
bray. 


The ſyſtem of Scheiteer the German, 


"NOlonel J. B. Scheiteer, a German, is the author of 
this ſyſtem. He eſtabliſhes three ſorts of fortifica- 
tion, the great, the mean, and the /mall fort, The exte- 
rior ſide of the polygon for the great fort is 200 fathams, 
the middle fort is allowed 180, and the ſmall fort is x60. 
The line of defence in the firſt is 140 fathoms long, in 
the middle fort 2 30, and in the ſmall 120 fathoms. This 
line is always razant. All the other lines are fixed at the 
ſame length for all polygons, whoſe ſtructure chiefly de- 
pends upon the knowledge of the exterior fide, of the ca- 
pital, or of the flanked angle, the reſt being eaſily 
finiſhed, as ſhall be ſhewn after we have laid down the 
following table, wherein are marked the flanked. angles 
and capitals which muſt be given to each different polygon 
of theſe three forts of fortification. p 


Table 
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Table of che capitals and flanked angle. 


* 1 as” to TIT TIED POLLY F 

Polygons [IV. v. VI. VII. VII. X. 
TE DOGS. | ank n SYS 
The flanked angles i 1% EL 


Capital for the gi 9 | | | 
Ro bn CP Þ 4649 | 51 | 52 | 53 | 544 $64 


— — — r — — ae ——ñ— —— | * 
Capital for the | BY. + 1 by -— 
me . — 442 464 48 50 | 51 | 524) 54 |'s5 


n 
Capital for the ſmall 


„ 


The ſtructure may be begun either by the flanked angle 


or the capital. We ſhall here begin it by the capital, af- 
terwards we ſhall exhibit the manner of doing it by the 
flanked angle. | 
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Let us ſuppoſe an octogon was given to be fortified, whoſe Fig. 31. 


exterior ſide A B is allowed 200 fathoms for the great 
fortification, as in this example. Take upon the ſemi- 
diameters the capitals AC, BD, 53 fathoms each, as is 
ſer down in the table, and draw the Interior fide CD; 
then take your compaſſes, and fixing one foot at the 
flanked angle A, with an interval equal to 140 fathoms, 
deſcribe the interſection upon the interior ſide at E; in the 
ſame manner, from the flanked angle B, make the inter- 
ſection at F; then join AE, BF, and you will have the 
two lines of defence; raiſe upon the extremity of theſe 
lines the perpendiculars EL, FI, for the flancs, which will 
alſo determine the faces of the counter-guard at thoſe points 
where they interſe& the oppoſite lines of defence. 

#0 Prolong 


140 


5, 23 6, 7, parallel to the perpend 


Fig. 32. 
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Prolong the lines. of defence towards the capitals, and 
make EH, FP, each 16 fathoms long, and having di- 


vided them equally i in two, draw the higher flancs of the 


counter-guards parallel to the lower flancs, as in the figure; 
repeat this. on every fide of the polygon, and then taking 
the interval PQ with your compaſſes, deſcribe an inter- 
ſection upon the capital at N, and having drawn the lines 
PN, QN, you will hereby have finiſhed the counter-guard. 
At the diſtance of 18 fathoms within the counter-guard, 
towards the body of the place, deſcribe the foſsè parallel 
to the counterſcarp of the place, and you will form the 
redans R, 8, T. The author moreover fortifies the ſaillant 
angle of the eſcarp of the foſsè towards the middle of the 
curtin, betwixt the two counter- guards, with a baſtion 
deſcribed i in the following manner. 

From the point 3, where the lines of defence interſect 
each other, let fall the perpendicular 3, 4, upon the in- 
terior fide, and make 4, 5, and 4, 6, each equal to 4, 33 
join 3, * and 3, 6, for the faces, and draw the flancs 
icular 3, 4, obſerving to 
make them join the eſcarp of the foſsè; repeat this on 
every ſide of the polygon; thus the interior —4 
of the place will be fortified; the flanked angle is in this 
ſyſtem placed in the middle of the ſide, betwixt the two 
angles of the poly 8 ol 

For the 22 prolong the face of the counter- 
guard 20 fathoms from A to X, and draw the line XL to 
the oppoſite angle of the ſhoulder. | 
At the re: entering of the counterſcarp make a great 1 re- 
doubt, and deſcribe it in the following manner. Prolong 
the perpendicular that was raiſed in the middle of the in- 
terior ſide indefinitely, beyond the re- entering angle of the 


nn ; hereby you will divide this angle equally i in 


two 


WT 
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two as at B; then take B E equal to 16 fathoms; carry 
from E to F inwardly ſix fathoms, at the point F make 
the tranſverſal line L FI at rectangles with the perpendi- 
cular, and let E L. and F each of them be equal to E F; 
after ohio... join EL, EI, for the two faces; continue to 
make F H ps to FE, and draw another tranſverſal line 
through H, whoſe parts H M, HN, muſt be equal to 
FI, FI and join MB, NB, for the two interior faces; 
likewiſe draw the flancs ML, NI; laſtly, draw a foſse fix 
fathoms broad parallel to the exterior faces. 

This being done, nothing remains but to add a falſe- 
bray quite round the counter-guards and the interior cir- 
cumference of the place, excepting before the faces of 
as baſtions, and to 23 the two . and 

two glacis. 

11 i was deſired to edis the Arodurerof: this tem 
= the flanked angle, make at the extremity A 5 the 
great — the angle CA H of 47 degrees and a 
half, becauſe the flanked angle of the octogon is found in 
the table to be 95 degrees, ry take the line of defence 
AE of 140 i upon the line A H, and from the 
point E draw the interior ſide DE C parallel to-the exte- 
rior one; the reſt is as above. | 


Remarks upon the ſyſtem of Scheiteer the German. 


We Gabe inſerted this author's mated becauſe it has 


been aſſerted by Stur mius, a. former profeſſor of mathema- 
ticks in the univerſity of Francfort, that M. de ¶ auban 
owes the invention of his ſyſtem of New Briſac to that we 
have laſtly laid down.. 

It is = neceſſary to caſt ones eyes upon theſe two 3 


to find at one view an intire difference betwixt them. 
| In. 


141 


I 42 


| 
N 


TE ELEMENTS Or FORTIFICATION. 


In this ſyſtem of Scbeiteer, the thing that firſt ſtrikes 
us is the double glacis, with the double covert-way, which, 
as he makes it intirely deprived of any ſmall works to de- 
fend it, is certainly to be condemned, not only for the 
number of ſoldiers it requires for its defence, but alſo be- 
cauſe it lies quite open to be enfiladed. The next objection 
is the redoubt he makes at the re- entering angle of the 
counterſcarp, large enough to be expoſed to a bombard- 
ment, and yet too ſmall to afford any defence. Then the 
falſe-bray that runs round the counter-guards, which, be- 
ſides the common inconveniencies that attend this work, 
moreover gives the enemy à favourable opportunity of 
mounting the breach upon the moſt important piece of the 
whole ſtructure. Then again the interior baſtion, which 
ſeems to ſhew its two faces to invite the beſieger to batter 
them, and is only flanked by a feeble redan whoſe flanked 
angle is no more than 60 degrees. Laſtly, the falſe-brays 
that run round the body of the place become ſo much the 
more dangerous, becauſe they will be commanded by: the 
beſiegers as ſoon as they become maſters of the counter- 
guards. PAs 1. | 
What compariſon can any one offer to make with all the 
works of this ſyſtem and thoſe of New Briſac? A re-en- 
tering curtin which allows to the beſieged two additional 
flancs, and before which is raiſed a good tenaille, can it in 
the leaſt reſemble a curtin which is wrought outwards ſo 
as to form a baſtion? Is it poſſible to miſtake a redan for 
a baſtioned tower, and. a ſmall redoubt for a triple halt- 
moon? What likeneſs is there betwixt a falſe-bray that 
ſerves as ſteps for the enemy to mount on the work it fur- 
rounds, and a very deep foſsè which M. de Vauban makes 
before his counter-guard, to render the acceſs to it more 
difficult? It is true, that in both the ſyſtems there is a 

at | great 
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great counter-guard- with interior works ; but is this ſuſfi- 
cient to ſay, that one of theſe fortifications is the copy of 
the other? Why did not Szurmmus rather make his com- 
pariſon with the Count of Pagers ſyſtem, where the 


Counter-guard has, as in this, low flanes, and whoſe cur- 


tin briſed ſo much reſembles the two faces of the interior 
baſtion. 


We muſt hence nbi, that bin but vanity and 


envy moved Stur mius to make this unjuſt. and critical com- 
pariſon, ſince he could with much reaſon and truth have 
drawn a parallel betwixt the ſyſtem of the Count juſt now 
mentioned, and that of Scherreer. 

This fame critick is author of two ſyſtems, both of them 
pillaged from the two greateſt — Europe ever pro- 
duced; the one is intitled, A ſyem of fortification, pre- 
ferable; ac according to a modern author, to that of /Vew 


Briſac; the other he has ſet his name to, and is called, 


The ſyſtem of Stur mius. We ſhall not lay down either of 


them, in charity to the author, but proceed directly to 
thoſe of one of the admirable originals, which he has ſo 
miſerably endeavoured to copy. 


The three ſyſtems of M. Cochorn.. 


Firſt ſyſtem. 


"HE late M. Minno, Baron of Coehorn,. was all at once 
general of artillery, lieutenant-general of foot, Di- 
rector- General of fortifications for the United. Provinces, 
governor of Flanders, and of the fortreſſes upon the 
Scheld; and it muſt be ſaid to his honour, that his great 
knowled ge, together with his long experience, raiſed his 


fame much more than any of his: great Wr 
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This skilful man having perceived, that whatever expences 
were laid out to fortify the ramparts of a town, the ſupe- 
rior eannon of the beſiegers had ſoon deſtroyed them, and 
that often; after much time and coſt ſpent about the works, 
an enemy could make himſelf maſter of them in a fort- 
night or three weeks, imagined three different ſyſtems, 
wherein he covers the walls from the enemy's batteries, and 
at every ſtep lays ſo many traps in the way, that he pre- 
tends not indeed to render a place impregnable, but to ſell 
the conqueſt of it at a very dear rate to thoſe who would 
dare to attack it. ? * 4 : 

The mere inſpection of his plans ſtrikes us at once, and 
makes our curioſity deſirous to ſee his book; but ſcareely 
is one engaged in the reading of it, but ſo many obſcure 
terms occur, ſuch few explanations concerning the ſtruc- 
ture of the works, ſuch affectation to conceal the manner 
in which the works are Iined, and the traps which could 
be ſtill added to the works; ſuch a tireſome detail of the 
defence that could be oppoſed, according to the different 
manners of attacks; and laftly, ſuch long and tedious 
compariſons of his ſyſtems with thoſe of M. de Vauban, of 
whom he ſpeaks in a very lighting manner, that it is be- 
yond any body's patience'or courage to peruſe the book from 
one end to the other. 

The Abbot Deidier, whoſe extracts concerning theſe 
ſyſtems we at preſent tranſlate, confeſſes, that was it not 
that he had undertaken to lay down the ſyſtenis of diffe- 
rent authors, that the publick might judge from their de- 
fects whether it is mere prejudice that has induced him to 
give the preference to M. de Vauban ſyſtem, he never 
could have gone through it. He adds, that upon this ac- 
count he has more than once intirely read over M. Coehorn's 
treatiſe with due deliberation, leſt his ſilence might make 
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any one believe that the ſyſtems therein laid down were 
not to be reckoned' in the leaſt faulty; and having com- 
pared and collected together the different parts of his book 
which could any ways be cleared up, he gives us the fol- 
lowing ſtructures and profiles for the true and original ones 
of that celebrated engineer. | 


In M. de Coehorr's firſt ſyſtem, an hexagon is given to 
be fortified, whoſe interior fide is 1 50 fathoms, and whoſe 


horizontal line is ſuppoſed not more than four feet above the 


ſurface of the water, which is not in the leaſt uncommon 
in ſeveral places of the United Provinces. This ſuppoſi- 
tion is much to be regarded, becauſe by this all the different 
profiles are regulated. 

Let there be then given an hexagon to be fortified, di- 
vide the interior fide AB equally in two at the point C; 
take 36 fathoms from C to D, and as many from C to E, 
that the whole curtin DE may contain 72 fathoms. At 
each extremity thereof make the diminiſhed angles D E H, 
EDM, 25 degrees each; the lines DM, EH, will be the 
lines of defence. Perform this operation on the other ſides 
of the polygon, and draw the lines of the gorges, as E L, 
at whoſe extremities ſet off 14 fathoms from E to R, and 
from L to 8; then draw the line OP parallel to the line 
of defence, and at the diſtance of 23 fathoms within it. 
Let the ſaid OP meaſure 41 fathoms for the higher face 
of the baſtion, and draw the higher flanc O R, which 
you may make concave in the common manner ; repeating 
this on every fide of the figure, you will have deſcribed 
the interior fortifications of the place. 

Divide the ſpace that remains between the higher faces 
and the lines of defence into two parts, to one of which 
give 16 fathoms for the dry foſsè, and to the other ſeven 
fathoms for the thickneſs of the lower face, whoſe ram- 
U * _ ne 
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rt has a parapet and b t, and a ſmall terre-plein, 
Which is but Ree foet bats the length of the — face 
is 76 fathoms. 11 | 

For the orillon, prolong the lower face, and make AB 
eight fathoms, or eight fathoms and a half; let fall the 
perpendicular A C inwardly of 19 fathoms; upon the point 
C, and without the dry foſsè draw the ndicular CE, 
likewiſe upon the point C, and make it four fathoms long. 
Take upon CA five fathoms and a half from C to F, raiſe 
upon the point F the perpendicular FH of 14 fathoms, 
and having joined HE by a right line, make the curve 
H B after the uſual manner, viz, by an equilateral triangle; 
continue the line E C four fathoms towards the dry foſse, 
and thereon make three embraſures, whoſe uſe, as the au- 
thor pretends, is to fire upon the enemy after he has made 
himſelf maſter of. the exterior or lower face, and would 
be for advancing towards the tower by the means of the 
ſubterraneous g which runs along the ſaid face. Upon 
the point I raiſe another perpendicular IV of four fathoms, 
which will determine at the angle of the ſhoulder of the 
interior baſtion ; at each extremity of this line you muſt. 
make two gates, with draw-bridges, to keep a communi- 
cation when required with the dry foſsè, and the ſpace that 
remains betwixt the two gates is to be taken up by two 
embraſures to enfalade the dry foſsè betwixt the flanc of the 
interior baſtion and that of the orillon ; before theſe two 
gates, and before the fide F of the tower, you muſt make 
a folse fix fathoms broad, and full of water. The tower 
has a ſubterraneous battery of fix pieces of cannon, and 
above is a platform, the ſuperior part of whoſe parapet is 
24 feet broad for the ſides B A, BH, and but 16 feet broad 
for the other ſides. The vaults of the ſouterrains are covered 
over with earth {ix fathoms thick againſt the ſhock of bombs. 


By 
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By what we have hitherto laid: down it will not be dif- 


cult to conceive, by looking on the figure, how the middle Fig. 32. 


flanc that determines at the extremity of the curtin is to 
be deſcribed. Its terre- plein, excluſive of the banquet and 
parapet, meaſures but ten feet broad; but in time of war 
the author would have it widened to 24 feet by means of 
a proper floor or ſcaffolding ſtrong enough to ſupport the 
cannon, which are placed thereon. The heights and lining 
of all the pieces will be diſplayed in a table we ſhall ſub- 
join when we come to ſpeak of the profiles. Betwixt the 
middle flanc and the higher one there is made the dry foſsè 
before-mentioned; this, and all other dry foſsès in this firſt 
ſyſtem, muſt: not be more than half a foot above the ſur- 
face of the water, to prevent the enemy being able to make 
any intrenchments therein; without the middle flanc is a 
foſsè full of water, fix fathoms broad. COLE 

For the ſtructure of the tenaille, divide equally in two 
the part MN of the line of defence,, comprehended be- 
twixt the angle of the ſhoulder at M, and the angle of the 
tenaille ar N ; divide likewiſe equally in two the other part 
N D of the faid line of defence; repeat theſe diviſions upon 
the other line of defence, and draw right lines from one 
point of diviſion to another, and that will give you the faces, 
flancs, and curtin briſce of the tenaille, whoſe terre-plein 
is but four feet broad ; betwixt the tenaille and curtin there 
is made a dry foſsè. 

The great foſsè is 24 feet broad before the faces to which 
it is parallel; its depth is 13 feet at the eſcarp, 14 feet in 
the middle, and 1 2 feet at the counterſcarp. 

Each demigorge of the interior ravelin are about 28 to 
29 fathoms, and each face 45 fathoms. The terre- plein, 
excluſive of the parapet, is 15 feet broad, but toward the 
flanked angle it is 24 feet broad by 20 feet in length. 

U 2 Quite 
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Quite round this ravelin runs a dry foſsè 16 fathoms broad, 
and it is bounded by a ſecond rampart called by the author, 
the lower face, and whoſe terre-plein, with the banquet, is 
but eight feet broad. | 

The ground whereon is raiſed the ravelin is fix or ſeven 
feet higher than the dry foſse. The angle of the gorge is 
cut off in a circular form, and in its middle is made a tri- 
angular caponiere of maſonry, and covered over with good 
timber, over which are flung three feet thick of earth; the 
wall runs eight feet higher than the timber, and hereby 
ſerves as a parapet for the terraſs, which the author calls a 
bonnet. Before this caponiere is made a dry foſse ſet round 
with paliſades that join with the ramparts, and the pali- 
ſades that are placed before the faces of the caponiere are 
continued to the great foſsè to facilitate the retreat of the 
beſieged. The faces of all the works which have a dry foſse 

before them muſt alſo be ſecured by paliſades. 
In the dry foſsè that is betwixt the higher face and the 
lower one of the ravelin, at fix fathoms diſtance from their 
extremities, is made a coffer four feet higher than the ho- 
rizontal line; it is covered with planks, having over them 
one foot and a half of earth. At proper diſtances are 
made loop-holes for the muſquetry ; this muſt be likewiſe 
ractiſed for the caponiere, and other works of this nature. 
Behind the coffer inwardly are raiſed two banquets, from 
thence to fire over the coffer into the dry foſsè of the ra- 
velin, and before is dug a little foſsè full of water fix fa- 
thoms broad. The communication of the half-moon is 
preſerved by a ſtone or brick entry through the rampart to- 
wards the great foſse; moreover, there is an additional 
caponiere at the flanked angle of the lower faces which 
has a communication with the half-moon by a gallery, as 
may be ſeen in the figure; and, to prevent the enemy's 
| making 
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making uſe of this gallery to enter the ravelin, it can be 
filled with water whenever there is any occaſion. 

The foſsè that runs before the lower faces is 18 fathoms 
broad, and is 1 1 feet deep at the eſcarp and 10 feet deep 
at the counterſcarp. ; 

The counter-guard or cover-face is made up of a para- 
pet and two banquets; its foſsè is 14 fathoms broad, 10 
cet deep at the eſcarp, and but nine feet deep at the coun- 
terſcarp. N | + . 

The covert-way is 12 fathoms broad, and is at the foot 
of the banquet three feet above the horizon, and goes off 
in a talus to the level of the water. The demigorges of 
the places of arms are each 22 fathoms, and their faces' 28 
fathoms. In them are made-lodgments of maſonry, whoſe 
faces are 14 fathoms, and the demigorges 12; on each 
fade is placed a traverſe with a double row of paliſades. All 
the covert-way is ſtuck with paliſades, which riſe and fall 
as neceſſity requires, and hereby they can be ſecured againſt 
the cannon-ſhot. The figure of them is ſufficient, without 
further explanation. WEILL: 

Upon the glacis, at fix fathoms from the faces of the 
place of arms, is made a covered coffer to ſtop the enemy's 
approach; and there are added wings thereto, from thence 
to fire upon the enemy when he had forced the paſſage 
through the coffer ; they alſo ſerve for the communications 
thereto. | 
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Height of th 


| the rizon 
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superior breadth of 


| - the terre; plein 


High curtin 
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Lower curtin and 
face of the tenaille 
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Full baſtion 


6 


There are only two ban - 


| quets, each 3. feet broad 


— 3 


The baſtion full 


ö 3 


Counter - guard | 
| | 

Middle flanc 

Lower flanc 

The tower 


The terre-plein. only 4 


feet, but it is to be made 


broader when cannon is 
mounted 


es 
3 ſides have b 


* a... Py a 
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Full. 


16 feet, vide ſupr 


1 


All the works which are not lined have their exterior talus equal to 
their heights, and thoſe that are lined have a talus equal to the two thirds 


of their heights, from the ſuperior part of the 
Ihe interior talus are every where equa 
for the parapet, where it is conſiderably leſs. 


ara pet down to the lining. 
to the height, excepting 


The author will have the extremities of the lower face that join the 
orillon lined very carefully, the better to preſerve the orillon: this 
lining continues for ſeven or eight fathoms in length, but is not raiſed 


quite ſo high as that of the tower. 


This 
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This table ought to be read at the ſame time that the 
profiles are examined, for the parts are laid out in the ſame 
order as they are in the profiles; thus they will become more 
familiar and intelligible. 106 | 
lt muſt be obſerved, that there is a banquet three feet 
broad betwixt the parapet and terre-plein, but it muſt not 
be taken upon the meaſures allowed either for the parapet 
or terre-plein. 5 

The author pretends to have a particular manner for the 
ſtructures of his brick- work, ſo that although he makes his 
walls double, with two counter-galleries, yet they do not 
require but the three-eighths of the bricks which' are em- 
ployed in any other modern firufure. With regard to this 
article, we will here lay down the diſcovery of this ſecret, 


for ſo the author deſigned. it to be. A french officer of 


note was ſo happy as to find it out as he paſſed through 
Manheim, whoſe fortifications are built according to the 
ſcheme and inſtructions of M. de Coehorn. This ſtructure 
is very plain and eaſy, yet at the ſame time ſo ingenious, 
and does really ſo conſiderably diminiſh the expence, that 
it is worthy of being communicated to the publick. 

The ſuperior part of the walls is generally allowed five 
feet, with a fifth part for the talus above the foundations, 
which are made two, three, or four feet thicker, and often 
more, according to the quality of the earth. To this are 
added counter-forts at the diſtance of every 18 or 15 feet. 
This ſtructure, which makes the expences run very high, 
eſpecially in great places, and in ſuch where the foſse muſt 
be made very deep, appeared nevertheleſs hitherto ſo abſo- 


lutely neceſſary to withſtand the ſwelling of the earth of 


the rampart, that no engineer has ever attempted to make 
any conſiderable variation therein for the works he has di- 
rected, M. de Coehorn indeed did go beyond theſe rules, 


but 
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but made ſuch a myſtery of his invention, that doubtleſs 
his ſecret would have died with him, if he had not em- 
ployed it at Manbeim; hereby was it luckily diſcovered. 
Let us then ſee how far it may be of uſe. 

| He makes the ſuperior part of his walls but three feet 
thick, with a talus of one fixth part of the height, and 
even leſs, which he continues to the bottom of the founda- 
tion, and never places any counter-forts; but as the ſwel- 
ling of the earth would ſoon overthrow ſuch weak walls, 
by diſordering the ſeveral rows of ſtones or bricks, were 
they laid horizontally, as A, which has ever been cuſtomary, 
he places them perpendicular to the line of talus, as at B, 
ſo that when the earth that begins to ſwell from the top 
of the rampart, and ſo on to the bottom at an angle of 45 


degrees, preſſes the uppermoſt row, it only preſſes it fo 


much the cloſer to the ſecond, inſtead of diſordering it; 
the effect is the ſame from the preſſure of the ſecond upon 


the third, and fo on to the laſt row of all. Theſe walls 


can never be overthrown but by having their foundations 
ſapped, and nothing can be more ingeniouſly or better con- 
trived to diminiſh the expences of theſe parts of fortifica- 
tion; but it is a queſtion whether the beſiegers cannon 
could not very ſpeedily demoliſh them ; perhaps being ſen- 
ſible of this, M. de Coehorn is fo particularly careful in 
hiding them from the enemy's batteries; if ſo, the prime 
expences of the works of earth raiſed for that purpoſe, 
with the charges required to keep them up, joined to thoſe 
of the walls, muſt certainly by far exceed the ſums which 
are neceſſary for the common ſtructure. However, it 
is certainly an admirable invention for ſuch walls which 
are only deſigned to reſiſt the ſwelling of the earth, and 
in ſuch caſes it ought to be preferred, eſpecially ſince 


there have been inſtances of its having ſtood much firmer, 
though 
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though the lays of the other ſtructure were faſtened toge- 


ther _ enn 


R emarks pon the frf 7 fem of M. 4 Cockorn. 


| Thees i is not a work in this ſyſtem but what is con- 
formable to the maxims of a good' fortification; each part 
is well defended; the flanked: angles are of a reaſonable 
greatneſs, being 70 d the heights are the better 


8 „ 
7 


proportioned, becauſe, without hiding the defences, the 


walls are nevertheleſs covered from the enemy's cannon; 
and if the lower curtin ſeems faulty by not being drawn 
in a right line, ſo that the miner might be reckoned in 
ſafety as ſoon as he had placed himſelf in the re- entering 
angle, yet by caſting ones eyes upon the profile, this ſeem- 
ing error will ſoon diſappear; for becauſe the ſuperior part 
of the parapet riſes but three'feet above the horizon, and 
of — — its embraſures are but one foot above the 


water of the foſse, the miner would be more expoſed 


therein than in any other part; moreover, attempts of this 
nature would ſcarcely be made againſt works that were ſo 
low, ſince they — be too hazardous; again the num- 
ber of traps to which this ſyſtem expoſes the beſiegers, 
who can never find any ground where they can lodge 
themſelves, the ramparts being of a very moderate thick- 
neſs, and the dry foſsès, wherein they would meet with 
water before they had dug half a foot deep, and wherein 
alſo they are continually expoſed to ſome hidden fire that 
cannot be overcome but with much trouble; not to 


recko! ſeveral other methods that the beſieged can employ 


to diſturb them (a detail of which the author has given 


us in his book, though he ſays that he has reſerved a 


* deal from the publick) We may hence conclude, 
X that 
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falſe attack made agua one front, he could ſurprize 
the 
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that this ſyſtem of fortification would be the moſt. excel- 
lent, was it not that it requires an exceſſive numerous gar- 
riſon becauſe the chief of .its defence depends upon muſ- 
quetry, and that it is very liable to ſurprizes. What ha- 
vock would not an enemy make, if by the means of a 
one 
angles, or even the half- 


or two redoubts ſaillant 


moon? The batteries he ſhould raiſe againſt the tower 
would quickly deſtroy this moſt eſſential part 
and in a very 2 place would be juſt on the brink 


of the ſyſtem. 


of ruin; for, as we 


ave juſt now obſerved, what a pro- 
digious number of troops are abſolutely neceſſary to man 
all theſe different works to prevent their being ſtormed, 
ſince the leaſt of them cannot be left any ways unmann d 
(not even one of the coffers of the glacis) without being in 
very immediate danger; and then, as we have already ſaid, 
the expences are not ſo very moderate as the author would 
inſinuate. It muſt be allowed, that his manner of lining 
his works becomes leſs expenſive than that commonl 

practiſed; the calculations he has given us in his boo 

were not at all neceſſary to prove it, but the conſtant at- 
tendance that muſt be given to repair the works that are 
not lined proves at laſt as extravagant as the ſtructure of 
the ſtrongeſt walls, fince we know by experience that any 
fortification whatſoever that is intended to ſubſiſt any time, 
anſwers much better our expectations in every reſpect when 
it is lined, than otherwiſe. To conclude, we ought never 
to judge of the excellency of any ſyſtem by the number 
of out-works and traps it contains; if we did, that one 
would claim the greateſt ſhare of our applauſe and admi- 


ration that was conformable thereto, provided care was 


taken to have each part properly flanked; but things 
ought to be ſo managed, that by putting a place in a * 
| 0 
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of defence, you ought not to be obliged to leave others 
deſtitute and helpleſs, or diminiſh greatly the ſtrength of 
the army; the conſequences of either of theſe articles muſt 
infallibly become very advantageous to an enemy, and as 
fatal to thoſe who were guilty of ſuch folly. However, 
moſt of the modern ſyſtems have failed in this point, and 
the old ones have been diſapproved by not being agreeable 
to ſome very eſſential rules of this art ; but nothing ought 
to be admitted as worthy of an intire approbation but 
what can make the maxims of fortification agree with fuch 
neceffary precautions that muſt be taken, not to weaken 
the ſtrength of a whole kingdom under pretence of forti- 


© - 


fying two or three cities. 
The ſecond ſyſtem of M. de Coehorn. 


OR an example of the ſecond ſyſtem of M. de Coebern, 
1 an heptagon is given to be fortified whoſe interior fide 
is 126 fathoms, and wherein the horizontal line 
three feet higher than the water. 


To deſcribe it prolong the ſemi-diameters, and take 72 Pi 


fathoms for the capital of each baſtion; at the extremity 
of the capital make on both fides an angle of 40 degrees, 
and this will render the angle of the baſtion 80 degrees. 
Then take upon the interior fide 30 fathoms for each de- 
migorge, and fixing one leg of your compaſſes at the 
angle of the baſtion, open the other to interſect the ex- 
tremity of the demigorge, and upon this indefinite arch 
ſet off 30 fathoms for the middle flanc. This arch only 
ſerves to determine the flanc, whoſe cancavity is deſcribed by 
an equilateral triangle, having the length of the flanc for baſis. 
This muſt be carefully obſerved wherever you meet with this 
manner of ſtructure, either in this ſyſtem or in the following. 

X 2 The 


is only 
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The retreat of the orillon is drawn in a right line with 
the angle of the oppoſite baſtion; its ſally outwards is 
10 fathoms, at the extremity of which begins the con- 
vexity after the ordinary manner, obſerving - to leave a 
right line of 66 fathoms for the length of the face. 

The retreat of the curtin is taken upon the gorge of 
tp : the bigh flanc is 40 fathoms long; the baſtion 
is full | 
The tenaille is Abe by prolonging the * 10 65 
than then fixing, as before, one leg of your compaſſes 
at the angle of the oppoſite baſtion, deſcribe an arch to 
pals at the extremity of the face prolonged, and take 20 
fathoms for the length of the lower flanc; this determines 
the lower curtin that contains 36 fathoms. 

Behind the tenaille, towards the place, there is a dry 
folse, and before it is made one full of water 10 feet deep 
and ten fathoms broad. 

Beyond this is a dry foſsè 20 fathoms — at che faces, 
and drawn parallel to them. 

Next to this foſsè deſcribe a rampart, likewiſe parallel to 
the faces, whoſe ſuperior - breadth; including the banquet 
and parapet, is 29 feet, underneath which are made vaulted 
galleries; at the re-entering angle of this rampart make 
an interſection on each fide of 15 fathoms, to open a 

aflage to the half- moon, which is Amor by two flancs 
deſcribed from the oppoſite faillant angles, and is allowed 
18 fathoms in length. The dimenſions of their rampart - 
are the ſame as thoſe of the counter- guards; they are alſo 
vaulted. 

For the half-moon, raiſe upon the middle of the curtin 

a perpendicular of 125 fathoms, at whoſe extremity on 
he fide make an angle of 35 degrees; hereby the 
Hanked angle will be 70 — The faces are 50 fa- 


thoms 
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thoms long, and have vaulted galleries beneath their 


ramparts. W-4 | N £04,090 

The dry foſsè that there is betwixt the faces of the half- 
moon and the little redoubt is 12 or 14 fathoms broad. 
This redoubt is of ſtone or brick-work. The diſtance that 
is left betwixt the interior and exterior wall is 16 feet. 
They are covered with ſtrong Timber, upon which is 
raiſed a parapet of earth, with a banquet and terre- plein. 
The length of each face is 14 fathoms.  - | 

The great foſsè runs parallel to the out-works hitherto 
deſcribed, and is 24 fathoms broad and 12 feet deep. 

The next work, which the author calls the i counter- 
ſcarp, is deſcribed by making it at firſt 20 fathoms broad 
on every fide. Then are made the redoubts at the re- 
entering angles, whoſe faces are each 14 fathoms. Their 


height above the covert-way is nine feet twelve fathoms 


diſtant from each face. There are drawn two parallel 
lines, whoſe interſection forms a ſaillant angle, wherein 
fixing one leg of your compaſſes, deſcribe on each fide 
an arch with an interval of 15 or 16 fathoms, and this 
gives you the parts of the curtin briſce. Afterwards take 
upon the exterior border of the counterſcarp 25 fathoms 
for the flanc, that muſt be drawn at the extremity of the 
curtin briſèe, whoſe concavity is deſcribed in the uſual 
manner; and thus will you determine the faces of the 
counterſcarp. 

The rampart of this work conſiſts in a parapet, a ban- 
quet, and a ſmall terre-plein, a detail of whoſe meaſures 
is given in the next table of profiles. What remains is 
the covert-way, that is two feet lower than the horizon, 
and goes with an eaſy talus to the very ſurface of the 
water. 


The 
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The redoubts that are placed in the counterſcarp, juſt 
before the flanked angle of the half-moon, have ten fa- 
thoms for each face, and ſeven fathoms for each flanc ; 
but thoſe that are before the flanked angle of the baſtion 
are allowed twelve fathoms for a face, and only four fa- 
thoms for a flanc. are raiſed ſeven feet higher than 
the covert-way, in which are made' traverſes which anſwer 
upon the extremity of each face of the firſt counterſcarp, 
underneath whoſe curtin-briſte is made a coſſer with a 
gallery of communication to the redoubt. The whole 
work is bordered with paliſades, diſpoſed in the ſame man- 
ner as is repreſented by the dotted lines in the figure. 
The ſtructure of the ſecond counter varies in no- 
thing from that of the foregoing ſyſtem. Its glacis extends 


Table 
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Thoſe works that are not lined have their exterior talus equal to 
their 4 ; thoſe that are lined have a talus two thirds or three fourths 


of their 


eights, as far as they are lined. 
All the interior talus are equal to their heights, 


What 
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5 What has been ſaid concerning the banquets in the fore- 


going ſyſtem, mult be obſerved in this and in the follow- 
ing. All the ſaillant angles are raiſed two feet higher 
than what is ſet down in the table; this the author pru- 
dently deſigned to prevent an enfilade.  . . 
We haue given a draught of the paliſades that were made 
at firſt, by M. de Coehorn's direction; they are fixed in a 
piece of timber, whole ends are ſo let into two poſts 
which. ſupport it, that the points of! the paliſades are 
turned either upwards or downwards at pleaſure.. Thus 
the cannon cannot damage them, for they are kept down 
as long as it continues firing, and they are turned upwards 
as ſoon as the enemy is drawing near the covert- way, to 
drive the beſieged thence. Theſe paliſades are to be re- 
commended for their being cheaper than the others, alſo 
becauſe in time of peace they may be brought under cover 
to preſerve them; though ſhould they remain in the works, 
they would laſt conſiderably longer, than thoſe who having 
one end ſtuck into the ground are liable to be rotten in a 


ſhort time. | 


-— Remarks pon the ſecond Stem of M. de Cochorn. 
What has been remarked upon the firſt ſyſtem, will 


help us to form a judgment of this, whoſe faults are much 
more ſenſible, and we may ſee, by the ſtructure and pro- 


files of the third, that had the author continued to invent 


other ſyſtems, he would have produced one that would 
have required half the inhabitants of a kingdom for the 
defence of one city only. What may be ſaid on this point 
for his juſtification is, that theſe faults ſo conſiderable in a 
city not belonging to a republic, become of little conſequence 
in a city belonging to a republican ſtate, ſuch as thoſe of 
3 Holland, 


* 
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Holland, which was the country that al 
M. de Coehorn, Theſe forts of ſtates very ſeldom are en- 
gaged in other wars than thoſe they undertake for the 
preſervation of their liberty, and whenever that is at ſtake 
every thing is effected to keep it up; each individual con- 
tributes, as much as he is able, towards its preſervation; 
not only to avoid falling under a foreign government, but 
to render himſelf worthy of being raiſed to ſome eminent 
poſt; and inſtead of there being required within a town 
a garriſon to defend it, and keep its inhabitants in awe, 


every inhabitant that's able ſerves for a ſoldier, and is ready 


to defend the out-works, and diſpute the ground with the 
enemy ſtep by ſtep at the hazard of their lives. In the 
like caſe it is proper to increaſe the number of outworks 
and traps to keep the enemy at'a greater diſtance, and 
there haraſs him the longer, ſo that hereby having ſuffered 
very great loſſes, he will perhaps retire, and be diſcouraged 
from puſhing his attacks to the body of the place; where, 
from what had paſſed before, he may judge that the in- 
habitants then being on the point of loſing their liberty, 


will make a braver and more vigorous defence than any 


garriſon of ſoldiers whatſoever. All. this ſuppoſes: a re- 


public rich and populous enough to ſtand by itſelf; for 
was there any occaſion for auxiliary troops, and the war 
laſted any time, theſe expences, joined to thoſe of the for- 
tifications, would certainly impoveriſh the ſtate ; - beſides, 
the vigilance of theſe mercenaries would never equal that 
of the towns-people, which might endanger them to. be 
ſurprized. : D 
Therefore let us conclude, that if M. de Coeborn's ſyſtems 
are advantageous in ſome circumſtances which he regarded 
when he did invent them, they are likewiſe very faulty 


and deficient in innumerable others, and that it is even 
Y dangerous 


together employed 
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tions he makes, becauſe the revolutions of wars often alter 
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dangerous to put them in execution, with all the ſuppoſi- 


the face of things, and it may happen that thoſe very ad- 
vantages become quite prejudicial, contrary to all former 
expectations. | 


The bird Hen of M. de Cochom. 


HE author propoſes to fortify by this third ſyſtem an 
octogon, wherein the horizontal line is ſuppoſed to 
be five feet above the water. 

The interior fide is 2110 fathoms. Each demigorge is 
allowed 21 fathorns. The capital is 64 fathoms; at whoſe 
extremity, on either fade of the line, make an angle of 
42 degrees and a half, hereby the flanked angle is 85 de- 
grees. Make each face 54 fathoms, then from the angle 
of tenaille, upon the line of defence, fet off 32 fathoms 
inwardly for half of the curtin- briſee, and the whole will 
be 64 fathems; afterwards, fixing one point of com- 
paſtes upon the flanked angle of the baſtion, deſcribe two 
arches, one of which muſt paſs at the oppolite extremity 
of the great curtin, and the other at the o ex- 
tremity of the curtin- briſce. Upon the firſt of theſe 
arches take 36 fathoms for the higher flanc, and upon 
the other only go fathoms for the flanc of the tenaille 
or lower flanc; their concavity muſt be deſcribed as it 
has been laid down above. This done, deſoribe the oril- 
lon. There is a dry folse betwixt the flancs, and one 
alſo betwixt the two curtins; but to prevent theſe foſsts 
having a communication with one another, at both 
extremities of the curtia-brifee is dug a large baſon full 
of water. | 


= 


The 
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The foſse that is | betwixt the face of the principal 


baſtion and the detached baſtion is 20 fathoms broad. 
At the re- entering angle of this foſs® take 38 fathoms 
for each demigorge, and upon the middle of the great 
curtin raiſe an indefinite perpendicular to extend 100 
fathoms beyond this angle; - theſe 100 fathoms are the 
length preſcribed for the capital of the detached baſtion. 
Draw from the extremity of this capital right lines ts the 
extremities of the oppoſite demigorges of the oppoſite de- 
tached baſtions, and within theſe lines, 23 fathoms diſtant, 
draw others parallel to them, upon which take 31 fa- 
thoms for each interior face. | 
The higher flanc is deſcribed by fixing one leg of your 
compaſſes at the extremity of the capital of the oppoſite 
detached baſtion, and with the other deſcribe an arch, which 
paſſing at the extremity of the interior face, will interſect 
the demigorge ; this deſeribes the higher flanc that is. 34 
fathoms long. | 
The dry foſsè that is made betwixt the higher face and 
the lower one, is 16 fathoms broad. The lower face is 
62 or 64 fathoms in length. The orillon, the lower 
flanc, and what remains, is deſcribed as in the firſt me- 


thod, excepting that the orillon is brought more outwards, 


the better to cover the lower flanc that falls directly upon 
the extremity of the demigorges. 

Betwixt the two higher flancs is made a caponiere fix 
feet above the horizon, covered over four or five feet thick 
of earth, to be proof againſt fire-works. Quite round it 
is dug a dry foſsè four fathoms broad, and three feet 
deeper than the horizontal line. The exterior border of this 
foke is ſurrounded by a gallery whoſe breadth is fix feet, 
and its height ſeven feet; it is covered with planks and 


with earth, and ſerves for an aſcent to the terre-plein of 
T4 the 
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the baſtion that is raiſed 15 feet above the horizon. Gal- 


leries are alſo made round ” the lower faces. The flanked 


egrees. 
17 he great foſsè is parallel to the lower es and is 


24 fathoms broad. The demigorges of the half -· moon 


are 28 fathoms each, and each of its faces 45. The dry 
foſses betwixt the higher and lower faces are 16 fathoms ; 


therein are made coffers, ca ponieres, galleries; and, as in 


the firſt ſyſtem, the Aanked a angle is 65 degrees. 
Laſtly, there is raiſed before the detached baſtion a 


counter-guard, whoſe foſsè is 12 fathoms broad. Tin 


covert · way and glacis is finiſhed as in the other two 
We have ſubjoined to each ſyſtem of this illuſtrious au- 
thor a table of profiles. This may fatisfy the curioſity of 


the reader, without giving the figures; beſides, he may 


deſcribe by their help, with a 4 ſufficiently large, an 


exact profile of the ſection of any part of the body of the 


place, or of the out- works. 


Table 


0 
wo 


High flanc of the 


detached baſtion 19 2 2224 | 2 Ful baſtion. 
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TALU S. 


The interior and exterior talus are deſcribed-as in the two foregoing 
ſyſtems, 
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that of New Briſach. The expences are not exceeding 
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The tower is lined x 5 feet above the horizon; and its 
parapet, which is of earth, is as high as the higher face. 

_ The lining of the lower faces of the detached baſtions is 
continued for the ſpace of ſix or ſeven fathoms, for the 
of the towers at the orillons. 

The different depths of the ſeveral folsts muſt be men- 
tioned. · 

"The fo. bereist the baſtion. of the place and the de- 
tached baſtion is 13 feet deep at the eſcarp, 15 feet in the 
middle, and 14 feet at the counterſcarp. 

The ſoſte betwixt the detached baſtion and the counter- 


guard is 12 feet at the eſcarp, 14 feet in the, middle, and 
13 feet at the coun 


The foks betwixt the half. moon and the covert · way is 


eight feet deep at the eſcarp, and ſeven feet at the coun- 
terſcarp. 


Laſtly, the foſsè betwixt the counter-guard and the 


covert-way is ſeven feet deep at the _ and fave feet at 
the counterſcarp. | 


A cloſong remark. 


We may conclude, after having carefully examined the 
ſyſtems of — different authors, that there is not any one 


of them which anſwer the end of fortification fo well as 


great; and for its defence, a moderate garriſon, under the 
conduct of a brave and intelligent governor, would coſt 
much time, with infinite loſs and trouble, to any enemy 
that ſhould undertake to beſiege it. However, as the con- 
ſtant application and practice of any art, are the _ 
whereby it is carried to any degree of perfection, M 

Vauban would certainly have — this ſyſtem, if 110 


other 
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other great employments had allowed him time and lei- 
ſure. But it muſt not be imagined that he deſigned” to 
have made a new circumference, or other different out- 
works, this would have required greater and a 
more numerous garriſon, both which he was ever ſcudious 
to avoid, To judge by the ſtructure of New Briſach; it 
is to be ſuppoſed that this great man had two principal 
ints in view; the one, to prevent the beliegers deſtroy- 
ing the circumference of the body of the place before they 

uſhed their attacks as far as the glacis; and the other to 

— flancs of a ſufficient extent to oppoſe the batteries 

which the beſiegers never fail raiſing againſt them upon 

the faillant — 2 of the counterſcarp. Now as to the 
firſt, it would have been much better if he had fo covered 
the circumference of the body of the place, that only 
the ſummit of its parapet could have been ſeen from the 
field ; indeed, by theſe means, the cannon fired through 
the embraſures could not have pre the beſiegers 
- advancing as far as the glacis, without much danger, but 
the number of barbet-batteries that are often removed. 
from one place to another, without _ 
raſs the A we greatly, 
diſtance. With reſpect to 
ef the counter-guards might ribed. 
greater, and the foſsè traced of the fame breadth: at the 
faillant angles, the countericarp to be dineted- to the 
angles of the ſhoulder ; thus : 
broader at the re entering 
angles; therefore the at 
2 would be greatly inferior to thaſe of the 
place, unleſs nd cs Ib ch eds wy 
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be a hazardous attempt where the defences of the place 
were not as yet damaged. | 1 

What has been remarked as to the enlarging the flancs 
of the counter- guards, may ſerve as an obſervation for 


the flancs of the tower · baſtions and of the curtins- briſèe; 


for it is evident, that ſince even after the taking of the 
counter - guards, the circumference remains entire, and that 
the enemy cannot bring up any cannon but with immenſe 
trouble upon theſe counter- guards, their attempt would 
prove ſtill more ineffectual, if inſtead of one or two can- 
non to prevent their lodgment, they were oppoſed by 
ſeven or eight in each flanc. It would be better to leave 
the half - moons without flancs, and only to give them to 


the reduits. 


Of the fituation of places. 


T* a treatiſe of fortifications, it is indiſpenſibly neceſ- 
J fary to make ſome obſervations concerning the 
different ſituations of places. As a town intended to be 
fortified is but very ſeldom ſituated in ſuch an advanta- 

us manner as an engineer could defire, was he to make 
choice of the ground, which for ſeveral reaſons in many 
circumſtances cannot be changed, whether it is in repair- 


ing any old fortifications, or fortifying towns already built, 


or in ſome works of temporary Fortifications, as thoſe ne- 
ceſſary to guard the paſſage of a river or a defilee; there- 
fore it is requiſite not to be ignorant of the advantages and 
diſadvantages of different ſituations. 


1. Places built upon high mountains can ſcarcely ever 
be fortified with ſuch perfection as thoſe ſituated in a 
plain; but they have theſe advantages, that it is with the 
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utmoſt difficulty and exceſſive expence that the beſiegers 
can bring before them all things neceſſat for a ſiege; 
moreover, if their foundations are rocky, they are in no 
danger of the enemy's mines; and the mountain being 
very ſteep on all ſides, it is impoſſible for the beſiegers to 
ſee and batter them, but at a very great diſtance; whereas 
thoſe in the fortreſs can ſee and command on all ſides; 
ſuch is the ſituation of Montmidi in the Dutchy of 
Luxemburgh. | 5 
What can be objected to places built upon high moun- 
tains is, that they are for the moſt part of a very ſmall ex- 
tent, conſequently all the parts of the fortifications are 
alſo ſmall; hence it follows, that they cannot make a 
very vigorous defence; beſides, there are but few of theſe 
places that will admit of being fortified regularly, or ac- 
cording to the true maxims of the art. Water is not to 
be had in plenty, unleſs a very good well be made in the 
place that cannot be dried up. The materials for the 
ſtructure of the works of a fortreſs thus ſituated, and the 
artillery and ſtores, are brought thither but with great 
_ difficulty. That ſuch places are not to be ſuccoured 
eaſily, and when their ſituation is very high they cannot 
be eafily defended, becauſe their cannon firing downwards 
againſt the beſiegers, their. ſhot do not act with equal 
force and violence as thoſe that are fired upwards ; and 
unleſs there are good ſouterrains in theſe ſmall fortreſſes, 
the garriſon, ſtores, &'c. are quite expoſed to the terrible 
effects of their enemy's bombs. It is very rare but that places 
fituated on a mountain are commanded by other neigh- 
bouring eminences. 1 | 
2: The moſt advantageous ſituation for places in a flat 
country is, when they are erected upon a riſing ground, 
without being commanded in the leaſt, as Philippe-L ile 
| Z in 


, 
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in the Eaftdom ef Finn. There om be nofeatuity of 
* can Have as may wells dug as are 
earth is generally of a good quality fur 
raifing ſtrong ramparts and parapets, but theſe fortificn- 
0 Go, would be judged fnperſeR unleſs they OP | 


The fire of the cunnon from the ramparts 
and conſequently ean act with much 


when it is plunged from an extraordina 


watds; but chen ſuch places are faulty, n — 


quality of the earth ſerves the beſiegers in making their 
the 


lines of eircumvallation to retrench their camp; 
trenches alſo are carried on with great ſucceſs and ſperd, 
their batteries ate ſoon ready, and their miners work with 
all deſirable eaſe and advantage; the great plenty of ſo- 


rage and ifions chat the ſoil aces, affords a cer- 
——— nee during the 3 army in thoſe 
3. Places fituated in marſhy grounds are free from any 
entinetice that commands them, and the beſiegers cannot 
but with great risk of periſhing in ſeveral parts. 
Theſe fortifications cannot be a at leaſt with- 
out infinite difficulties ; for what a laborious task muſt it 
be to carry on a lap of any depth in grounds conſtantly 
covered with water iſſuing from numberleſs ſprings, all 
which it is ble to ſtop. The fortifications for theſe 
places may be raiſed with little charge, becauſe oftentimes 
they are fortified by nature on every fide, excepting one or 
two, which are he candy: parts where the beſiegers can 
make their attacks, therefore they do not require a nume- 
rous garriſon. 
But fortreſſes ſituated in marſhes have ſeveral conſider- 


able diſadvantages. Their works can only be raiſed of 
earth, 
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earth, which earth being taken from the marſh, is not of 
due conſiſtence for ramparts and parapets; and if it was 
propoſed to line the works, "Cannot be done but with 
exceſlive coſt, for three reaſons; the firſt 1s, becauſe the 
foundation muſt be laid upon piles, and timber being 
ſcarce in marſhy ſoils, it muſt be brought perhaps from a 
great diſtance ; ſecondly, the earth not being of a fit qua- 
lity for making of bricks, theſe materials, as well as the 
ones, muſt likewiſe be brought from ather places; thirdly, 
the fortifications of a place in a marſhy ſituation, lined or 
not, coſt more to keep in tepair than any other; and the 
walls of the lining, when battered by the enemy's cannon, 
cannot withſtand their violence ſo long as in other places, 
becauſe the earth does not bind ſo well with it, therefore 
the foſsè is ſoon filled with the ruins of the ram 


ing-waters. of the 
veral epidemic 


ing to the beſiegers the means of ſurpriſing them. 

4. There are places quite ſurrounded with water, theſe 
need but few works to fortify them. If it is by the ſea, 
or a large river, the ſhipping and boats of an enemy may 
eaſily be ſet on fire by the beſieged, if they ſhould ven- 
ture to come too near; though, at a great diſtance, the 
force of gun-ſhots upon the ſurface of the water is- di- 
miniſhed. Theſe ſituations are preferable to marſhy 
ones, for they are more healthy as it is a running water, 
and not fo liable to be frozen, therefore the fortreſs cannot 
LBS OO Gi 7 7g: fs gl 
| 2 2 The 
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The objections made againſt places that are quite ſur- 

rounded with water are, that the enemy can intercept all 
manner of ſuceour; and if they are blocked up by a ſuf- 
ficient fleet, either of ſmall or — ſhips, they muſt una- 
voidably fall by famine, without any other methods prac- 
tiſed "againſt them; but ſuch places having a brave go- 
vernor, with ſufficient quantities of -neceſſary ſtores and 
ammunition, the enemy will require much more time to 
ſucceed in their deſigns, than is requiſite in a — 
( | 
* Laſtly, there are other places of the utmoſt impor- 
tance upon the borders of great rivers; theſe have the 
conveniency, that all materials neceflary for their conſtruc- 
tion, as well as all manner of artillery, ſtores, Sc. are con- | 
veyed by water- carriage. 

Dionville, which ſtands in a vaſt plain upon the Me- 
ſelle, and many others along the Rhire, have this advan- 
tage, and with moderate expences could be rendered ſome 

the ſtrongeſt fortreſſes in Europe, for places thus fitu- 
ated can be regularly fortified, or at leaſt in part, and the 
fide towards ide water can coft but very little, a ſtone or 
brick wall with redans being ſufficient fortifications for it. 
Succours are eaſily introduced into theſe places. The adja- 
cent country can be laid under water. The earth is ge- 
nerally of a good quility for the een and eren 
of the works. 
The enemy muſt have a large army to beſiege this ſort 
of fortreſſes, becauſe the quarters are not only ſeparated, 
but alſo are at a great diſtance one from the other. 

The following defects are attributed to Places upon the 
borders of great rivers. 

That the advantages of their ſituation is as Comment 
for the enemy as for themſelves; all the artillery, ſtores, &c. 

neceſſary 
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neceſſary for a ſiege, can be brought by water with great 
eaſe, and with little expence, and more eſpecially ſo if 
the current of the flood is not againſt them. Beſides, the 
earth being good, they may fortify their camp with ſtrong 
The knowledge of the good and bad quality of. earth is 
much better learnt by experience than by any deſcription. 
laid down in writing, and it is not intended to be treated 


I73 


of in theſe ſheets. 


75 trace a plan upon the ground. 


T will be no difficult. task, ſor any one who is be- 

come acquainted with practical geometry and. the ele- 
ments of fortification, to trace the plan of a fortreſs upon 
the ground; for inſtead of the ruler and compaſſes, thoſe 
inſtruments muſt be made uſe of which are required for 
ſurveying, viz. the theodalite, circumperentor, ſemicircle, 
plain-table or compaſs, level, chains, ropes,. pickets. of dif- 
ferent ſizes, Ic. Thus to trace any fade of a polygon for. a 
place ſuppoſed to be already filled with buildings; having 
taken upon paper an exact plan thereof, you may eaſily 
find the points where to fix the angles of the interior and 
exterior polygons, which fortify according to the principles 
of this ſcience; as yet we ſuppoſe them regular, becauſe 
we defer ſpeaking of irregular fortifications till the follow- 
ing chapter. | | 

The plan from which you trace the lines upon the ground 
muſt be deſcribed upon a great ſcale, and only with the 
occult and magiſtral lines; theſe lines muſt have their 
lengths exactly marked out, as well as their faillant and 
re-entering angles. Thus, with a ſemicircle, you may trace 


upon the ground ſimilar angles to thoſe in the plan which: 


1s 


4 
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is fixed upon a plain table. The angles are marked by — 
And the Hines, are meaſured with oy day 
to each their ecact length. The diſtance from 
picket for the magiſtraf line is to be marked out 
furrow, with a ek in a right line, and you will — 
* - toy ground as in the plan. 4 

all che remaining ſides of the 
d a if MW; ee en find out the differences of 
the aſcents and deſcents, which mark down upon pickets, 


and fix the horizontal line by raiſing thoſe which are too 
low, and lowering the h uppoſing their diffe- 


igher ones, ſ 


rences not ſo conſiderable as to render this impracticable. 
If the center of the place is not naturally higher than any 
part of the circumference, it muſt be raiſed five or ſix feet, 
or other methods uſed to drain off the waters. 

As to the foundation of the cartins, baſtions, &c. with 
every thing elſe that relates to the real ſtructure of fortifi- 
cations, we never did deſign to give them places in this 
treatiſe ; moreover, their knowledge is no ways different 
— chat which is requiſite for executing any deſign of 
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\ LL that has been hitherto ſaid was in relation to re- 
gular fortification, which cannot be made uſe of 


but in new places, where the ground may be equally en- 
tended; or in old ones, where they have room enough 
without 


about them, and may otherwiſe. be made regular, 

an exceſſive: charge. But as it is ſeldom that new towns 
are to be built, and when they are, it is as ſeldom that 
ſuch a favourable ſituation may be had for them as would 
give one a full ſcope and liberty of acting; and as, on the 


other hand, almoſt all that are to be fortified are old ones, | 


whoſe circumference is often ſo irregular as would require 
a very great. wah, expence to rectify ; it will he ne- 
ceſſary to know how to proceed on theſe occaſions, which 
is the. buſineſs of irregular fortification. 

A 
its figure, when the angles are not equally diſtant from 
«the center, yet are all of them capable of a good baſtian, 
the lines being of a proper length; or ſecondly, in its fi. 
Sure and angles, ſome of which may be too acute, and 
others. rer entering; or thirdly, in its, — and, fades, theſe 
being ſometimes toodlong, and ſometimes too Wort; or 
Jaſtly, in its figure, — and ſides together. 
be ſufficient to give rules for correcting the three r- 
mer, and then the method for the latter will be baun 
of caurſc. 

It is abſolutely neceſſary to reduce irregular places to 


2 as much as may be, becauſe by Abet 
engt 


place may be ſaid to be irregular, either firſt, n 
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other, that they might all be in the ſame degree 
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ſtrength becomes equal every where; but if it cannot at 
all be done, the prineipal rules, at leaſt, of regular forti- 
fication muſt be obſerved ; that is, to ſee that all the parts 
be well flanked; that the angles of the baſtions be not 
under 60 degrees; that the defence be as much as poſſible 
within mucket-ſhot, or at leaſt that a deſect in dais be 


remedied by ſome out- work; and laſtly, that the ſtrength 


of the place be equally diſtributed all around, as much as 
the irregularity will allow of. But here care is to be taken 


to avoid a fault that has been made by ſome, who becauſe 


one ſide happens to be weak, diminiſh the ſtrength of the 

e of 
ſtrength; this is manifeſtly abſurd, to weaken the whole 
for the ſake of a part, which might otherwiſe have been 


made Joon * ſome out- work. 


Fig. I. 


7 7 make an N place regular, when it may be done. 


EI the irregular pentagon ABCDE be to be made 
regular, whoſe greateſt fide C D is 200 fathoms; de- 


: ſcribe a circle whoſe circumference ſhall go through the 
points of the three moſt diſtant angles A C and D; this 


zs. done by joining them with the right lines A C. CD, 


and biſſecting them with perpendiculars which cut one 


another in M, which being taken for a center, deſcribe a 
circle whoſe circumference” paſſes through A, and it will 


alſo paſs through C and D; then make a ſcale on the 


ongeſt ſide, CD, of the on figure; divide it into as 


- many parts as it contains 
take 180 with your compaſſes and put it upon the cir- 


ference contains it a certain number of times exactly, with- 


athoms, that is into 200, and 
cumference as many times as it will go. If the circum- 


Out 
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out any remainder, for inſtance fix or ſeven times, en I. 
have a regular polygon of fix or ſeven ſides, which you 
by the method of M. de Vauban; but if, "= 
kiring laid the 180 fathoms, as often as could be upon the 
circumference, there ſhould remain ſomething over; then, 
in the ſtead of 180, 
If there ſhould ſtill be any thing remaining, you muſt 
97 — your number until it occupies the whole cir- 

in this manner that we have made the 
rear pentagon AILOP, whole ſides are 190 fathorns 


_—_— That if we had worked by diminiſhing the num- 
ber.of 180 fathoms, inftead of increaſing them, we ſhould 
then, inſtead of the pentagon, have got che hexagon 
ARS T VX, whoſe ſides would have been 160 fathoms; 
but as by this method there is more to be taken eff from 
the 180 fathoms (the exterior ſide according to M. de 
Vauban) than is required to be added, in order to obtain 
the ſide of the pentagon, we give the preference to this 
latter way; which always ought to be done on like occa- 
ſions, to vary as little as may be from the rule. 

The Chevalier St. Julien makes uſe of another method, 
which we will explain in this place. He diſtinguiſhes 
two ſorts of irregular places, ſome of which may calily be 
circumſcribed by a circle, whilſt others cannot on account 
of their length. 
As for the former, 35 Aide on their figure 
ABC DEF G, a ſquare HILM, whereby he takes in 
nearly as much ground as is loſt ; and drawing the diago- 
nals HL and MI, and making the point of interſection a 
center, he defrribes a circle about "Ge s a finiſhes 
. as aboye. 


7 147 $1979 5h 1.199% q 
on 1 As 


you muſt take 185; and begin again. 
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Fig. 2, 
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As to, oblong places, ſuch as ABCDEFGHI, he 

draws upon the face of their, figure a - paralellogram 

Fiz. 3, LM NO, taking care ſtill to gain about as much ſpace 

on the one hand as is loſt on the other; then on the 

long fide NL, he raiſes an iſoſceles triangle L N at 

diſcretion, from the top of which 8 he deſcribes the arch 

NXVL, and works in the ſame manner on. the other 

long ſide M O, which gives him the other arch O RM; 

that done he makes, on the ſhort ſide L M, the iſoſceles 

triangle L 7 M, of a diſcretional height; and likewiſe 

making ſuch another on the other fide N O, from the tops 

of the triangles he deſcribes the arches LIT M, NPO, 

which meeting with the former make an oval, whereon he 
finiſhes the reſt as aforeſaid. by oft 2g 

This method may be made uſe of in places that are 

nearly ſquares; but as for oblongs, we ſhall preſently 

ſhew-a method of working them, which we take to be 


much better than his. 


To find the exterior fides of a place, the interior only 


'K | being given. 


]Þ* the foregoing articles we have taken it for granted, 
that the ſides of the irregular pentagon, which was 
| to be made regular, were the exterior ſides, within which 
the baſtions might be built without diminiſhing the area 
or magnitude of the place; But as theſe exterior fides 
| cannot always be had, and as the plans of old towns 
that are to be fortified ſhew their circumference upon 
which the baſtions are to be placed externally for fear of 
incroaching on the ground within, it will not be eaſy in 
theſe caſes to make uſe of the method of M. de Vauban, 


who 
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who always begins by the exterior fide: So that we have 
given a table, by the means of which any interior fide 
being given, its correſponding exterior fide may eafily 
be found. I know that on theſe occaſions there are 
ſome who fortify within, by ſetting off the demigorges, 
the flancs and their angles, to which they. give the di- 
menſions given them by M. de Vauban; but this method 
is ſubject to faults and errors, that we are pretty ſure 
the following is no ways liable to, as will appear by ap- 
plying both to one and the ſame fighre. 


11 5 | A Table 
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A Table to find out the exterior fides of a place, when-its interior 
| | fades are given. 


. Square a 1 The Pentagon 5 S 
Interior Diſtance of Exterior —— * 
fide | wpolyg. || *%s 222 28 
fathors! fathoms | fathoms I fathorms fathorns { fathoms 
' 129 4 38 {| 200 nem when | 
124 36 | 192 || 135 |. 39 195 
1119] 35 184130 37 JI 
| 214 | 33 1 125 36 1799 
| 109 | 32 | 168 ]] 120 | 35 | 172 
104 | 31 160 }] 115 | 34 | 164 
2 110 33 | 157 
be pape] 90 degrees — _ 
The Heptagon [| The Octogon | 
Interior [Diſtance of Exterior || Interior [Diſtance of Exterior 
fide ſ the polyg. fide fide |the polyg, fide | 
158 | 46 | 200 || 161 | 51 200 | 
153 | 45 | 294 || 150 | 49 194 
148 43 188 || 151 47 188 | a 
143 | 42 181 || 146 | 46 | 182 | 
138 | 40 | 175 1] 141 | 45 | 175 
133 | 39 | 169 || 136 | 43 | 169 | 
128 | 37 162 |] 131 42 163 | 
123 | 35 156 || 126 | 41 157 | 
the cotyg] 9 —.— 135 | 
The Decagon || The Endecagon | | 
{ Interior PPiſtance of Exterior | Interior [Diſtance of| Exterior Interior [Diſtance Exterior | 
ſide | the polyg.| fide fide | the polyg. fide fide | the poly. fide 
170 49 200 || 170 | 50 | 200 176 | 47 | 200 
265] 47 [294] 165 | 48 | 194 || 171 | 45 | 195 | 
x60 | 45 | 188 || 160] 47 | 188 || 166 | 43 | 189 | 
155 | 44 | 282 || 155 | 45 | 182 || 161] 42 | 183 | 
. 150 | 43 | 276 || 150 | 44 | 276] 156] 41 | 1797 | 
1 145 | 41 | 170 || 145] 43 | 170(| 151 | 40 | 172 
140 | 40 | 164 || 140 | 41 164 || 146 38 | 166 | 
135 | 38 | 158 135 | 40 | 158 || 141 | 37 | 160 | 
e ee 1 
l 148 " the poly 150 


THE Errments of FORTIFICATION. 


The firſt column of this table exhibits the different in- 
terior ſides that are given; the ſecond, which is called the 


diſtance of the polygons, ſhews the length of a perpendi- 


cular drawn from the middle of the interior fide to the 
middle of the exterior ; laſtly, the third gives the exterior 
ſides correſponding with the interior ones. 

I have exhibited in this table only the interior ſides that 
are proportional to the exterior ones, that are in length be- 
tween 200 and 160 fathoms, becauſe fach are re- 
puted regulat according to M. de Faubar's method; but if 
it were required to find an exterior fide correſponding with 
an interior one, greater or leſs than any of thoſe in the 
table, the way do do it would be, only with the help of 
the rule of three, in the following manner : 

Suppole an exterior fide were wanted proportional to an 
interior one of 166 fathoms belonging to an oftogon. 
Look out the greateft interior ſide of an octogon in the 
table, viz. 161, with its correſponding exterior 200; then 
fay, if 161 give me 200, what will 166 give and the 
anſwer will be 206 the exterior fide required. The per- 
pendicular may be had in the ſame manner, ſaying, if 161 
give 5t, bo ng 166 give? and there will come out for 
an anfwer about 5 

The interior Roe laid down in the table exceed one 
another by five fathoms, and c thy their corre- 
—_ perpendiculars and exteriors only are ſhewn ; but 
a perpendicular and an exterior ſide were required an- 
2 to an interior one of an oftogon, ſuppoſe v hoſe 
de ſhall be 158 fathoms long, i. e. between 161 and 
156, you muſt here likewiſe make uſe of the rule off three, 
— f if 161 gie 200, what will 158, Sr. eve „de 
making uſe of this rule might be al 
ſinoe the interior fide 158 is between 161 and 146, the 


exterior 


ther omitted ; for 


OO —— : 
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exterior fades of which are 200 and 194, a mean number 
might be taken betwixt theſe two laſt nearer 194 than 
200, becauſe 1 58 comes nearer to 156 than to 161, and 
that number might be 196; in the ſame manner as the 
perpendicular of 156 is 49, and that of 161 is 51, the 


perpendicular might be taken of 158, 49 fathoms, and 
four or five feet more. 


What we have here ſaid might be praQtſed in order to find 
out an exterior ſide anſwerable to an interior one, whether 
it be greater or leſs than thoſe ſpecified in the table. For 
ſuppoſe, for inſtance, that an —_ ſide was wanting 
anſwerable to the interior fide 1 71 of an octogon, we mult 
recur to the table to find out how the exterior ſides in- 
creaſe in proportion as the interior ones increaſe by 5; and 
having then diſcovered that theſe fides are augmented by 6 
fathoms, the exterior {de of 171 muſt have 12 fathoms 
more than that of 161 has, which is the largeſt in the 
table, becauſe 171 is more than 161 by 10, and that as 
the interior ſides augment by 5, the exterior increaſe by 6, 
the which gives 12 when one interior is greater than ano- 
ther by 10 fathoms. 

Tis eaſy to fee, without any farther explanation, what 
is to be — in order to find out the exterior ſides, an- 
ſwerable to the interior ones that are leſs than thoſe in the 
table, and how to find out their perpendiculars. Tis true 
indeed, that according to this method the exterior ſides 
and petpendiculars wilt not be found ſo exact as if the 
rule of three was made uſe of; but in fortification a geo- 
metrical exactneſs need not be obſerved, and, provided 
every fide be but well defended and ſecured, one, two, or 
three fathoms, more or leſs, will make no difference at 
all. Wherefore we have even neglected the fractions which 
we found in calculating the table, which we would not have 

any 
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any one ſcrupulouſly adhere to, but add or diminiſh ſome- 
what whenever the defence may 0 be _ better 
ſecured. 
17 to come to the TRY þ 
uppoſe we have a place to fortify whoſe interior Fig. 4. 
PV are AB, BC, CD, DE, EF, FG, GA; we begin 
by the largeſt fide AB, which is 158 fathoms, we exa- 
mine the angles A and- B which are on each fide, and 
find that the greateſt B is 1 50 degrees, and conſequently 
belongs to the dodecagon, as may be ſeen in the preceding 
table, where we have marked the angles of the polygons. We 
take then, in this table, the height of the perpendicular. 
which anſwers to the interior fide 158 of the dodecagon; 
and as we only find the interior ſides 1 56 and 161, between 
which is 1 58, we take the perpendiculars of theſe two ſides, 
which are 40 and 41, and add ſomething to the ſmall one 
40, ſo that the perpendicular which we have by this increaſe 
is nigher 40 than 41, as 158 1s nearer 156-than 161, We: 
allow then about two feet, which will give us 40 fathoms 
and two feet for the perpendicular. We raiſe this perpendi- 
cular about the middle of the interior fade A B, and at 
its extremity draw an indefinite line parallel to its interior. 
fide. This done, we come to the fide BC, which is 153, 
and having found that the angle which it makes in C, with 
the fide CD, is 29 degrees, the angle of the keptagdn, we 
look into the — for the perpendicular anſwerable to the 
interior {ide 153 of the heptagon; this perpendicular is 4.5 
fathoms, ſo that we raiſe it at the middle of the ſide B OC, 
or without doing this, draw an indefinite line parallel to its 
interior ſide, at the diſtance of 45 fathoms for its exterior 
ſide. We do the ſame thing on the other ſides, and find at laſt 
that all thoſe indefinite — determine each other by their 
interſection, and give me the outward ſides required. | 


You 
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Vou muſt take care to begin by the longeſt fide, and 
chooſe the greateſt of the two angles which it makes with 
the other two fides, in order to determine its perpendicular, 
as we have done; then come to the fide which makes the 
angle you have pitch'd npon, and, in order to determine 
its perpendicular, always 'take the angle which it makes 

the following ſide, and not that which you had taken 
for the. preceding one; which muft be continued fo to 
the very end, that each angle may determine its proper 20 
pendicular. 

The work thus done, you will not find that the exte- 
rior ſides are of the ſame length as the table ſhews them, 
in proportion with the interior fides, which would always be 
was the figure regular; becauſe the ſides and angles being 
then equal, the perpendiculars would be equal — whereas 
here, as the - diculars are unequal by reaſon of the 
inequality of the ſides and angles, it neceffarily s that 
the exterior ſides of the ſhorteſt perpendiculars — upon 
thoſe of the longer; but in this very thing ariſes a conſider- 
able advantage from this method, becauſe, as the exterior 
ſides of the little perpendiculars anticipate upon thoſe of the 
greater, at the ſame time that they diminiſh them they in- 
creaſe themſelves, which is the cauſe that the exterior ſides 
become pretty equal, and that the figure comes neareſt to 
a regular one; nay, it even ha that the interior ſides, 
which are naturally irregular, as thoſe of go, 80, or 70 
fathoms, do by this means become regular, provided they 
be contiguous to great ſides, becauſe, as their perpendicu- 
lar is very ſmall, their exterior ſides anticipate greatly upon 
the others; and for the ſame reaſon interior ſides that are 
greater chan they ſhould be, as are thoſe of 175, 180, &c. 
may be rectified, provided they be contiguous to ſmall ſides, 


b their exterior ſides will be much diminiſhed by the 
anticipation 
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anticipation of the exteriors of the ſhorter. We ſhall men- 
tion the other advantages ariſing from this method, above 
thoſe which ſome authors make uſe of; when we have 
ſhewn how and in what manner the exterior ſides N we 
have now found out are to be fortified. 


275 fortify an irregular place, wits 2 aig angler 


are regular. 


185 


QUPPOSE » we had the ſame irregular * to fortify Fig. 4. 


ABCD EFG, all whoſe ſides and angles are re- 
gular, and the leaſt of the angles 108 degrees, which 
is the angle of the pentagon. We muſt find out the exte- 
rior ſides, as we did in the foregoing article; and the 
figure having ſeven fides, it muſt be fortified as a regu- 
lar heptagon, i. e. raiſe a perpendicular in the middle of 
the exterior fide inwardly, and give it a ſixth part of the 
exterior ſide; then draw lines p efence at the. perpendi- 
cular's extremity ; take the faces equal to two ſevenths of 
the exterior ſide, and determine the flancs and curtins as 
we have ſaid, according to M. de Vauban's firſt method. 
And ſhould the flanked angle of any of the baſtions 
become too acute, which here happens to the baſtion G, 
becauſe the angle of the figure in this place is but 108 de- 
grees, we ſhould then — but the ſeventh or eighth part 
to the perpendiculars of the outward ſides which form that 
angle, as we have done, although we were under no abſo- 
lute neceſſity of doing it. 

By this means the figure would be as well fortified as 
its irregularity would admit of, and the very extent of the 
place would be increaſed ; the flancs, faces, and curtins 
would have their proper proportion, and the baſtions would 
1 be large and well-defended, becauſe thoſe whoſe 

B b capital 


Fig. 5. 
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capital diminiſhes, which is the caſe of obtuſe angles, 
have alſo their gorges much greater than thoſe whoſe ca- 
pital does not diminiſh. Indeed there are baſtions whoſe 
flanked angle is very obtuſe; but it is a defe& that cannot 
be avoided in irregular fortification, no more than it can 
in great polygons, unleſs there are double flancs, the in- 
conveniencies of which are much greater, as has been ob- 
ſerved by us elſewhere. - | 

Some there are who fortify theſe places from with- 
in, without looking for the exterior ſide, as it is here, 
they always give the demigorges a fifth part of the 
interior ſide. Then if the interior ſide be from 60 to 
80 fathoms, they allow each flanc 15, which, with the 
curtin, always makes an angle of 100 degrees; after that, 
they draw lines of defence razant, which being interſected 
by the lines of the other fades, determine the fronts. If 
the interior fide is from Bo to 100 fathoms, the flancs are 
increaſed by one fathom, as the [ide increaſes by 10; from 
100 fathoms to 140, they augment the flancs by one fa- 
thom, as the interior ſide ancreafes by 5; 1. e. when the 
interior is 105 the flancs are 19, and when 110 the flancs 
have 20, and ſo on. Laſthy, from 149 to 160 the flancs 
increaſe by half a fathom, as the interior ſides augment 
by 5, the which will more eaſily be underſtood by this 
table, where 140 and 145 have the ſame length for the 
flanc. | 


neos Jg To I gf 10011 fl 20112 fl. 30013 5140014501 fol 16 
[Flanc 1511617 18] 19 20] 21 220 23 24] 28I282ʃ2 4 204120 27 


— — 


According to this method we have fortified the polygon, 
figure 5, whoſe angles and interior ſides are the ſame as 
thoſe of the fourth figure, the better to ſee how advanta- 


geous 
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geous our method is, and how defective this is. Firſt, the 
interior ſides, each of them remain in their original length, 
nor is the irregularity of the place in the leaſt diminiſhed. 
Secondly, the faces have ſeldom their exact proportions with 
the flancs, becauſe the angles are irregular, which cauſes 
theſe to diminiſh whilſt the others increaſe, fo that often the 
leaſt flancs have the greateſt faces to defend, as may be ſeen 
in the baſtions G, A. Thirdly, the faces of the fame front 
are always unequal, becauſe as the angles are unequal, it 
happens that the lines of defence belonging to the other 
fronts increaſe one face, whilſt they diminiſh the other, 
which is evident in the baſtions A, B, F, G. Laſtly, the 
baſtions F, B, which are upon very obtuſe have their 
capitals leſs than the others, although their gorges do not 
increaſe proportionably, which renders them leſs capable of 
a good and proper defence. 

Again, according to this method it 
little fide, for inſtance, of 100 fathoms, ſhould be found 


between two great ones of 160 fathoms, or thereabouts, 


the faces of the little fide by this means become ex- 
ceeding large, and the flancs extremely ſmall, as may be 
ſeen in the plate, where the black ſtrokes mark the fortifica- 
tion of a place, according to the ſcheme of theſe au- 
thors, and the dotted lines mark it according to ours; by 
which means the leaſt fide is corrected, and every part, in 
reſpect of its front, has its juſt and exact proportion; which, 
we think, ought never to be neglected, that the enemy, who 
commonly leads on his attack on a front, i. e. from the point 
of one baftion to that of another, may not find any one 
fide of that front weaker than the other is. 

The defects we have diſcovered in this ſcheme, and the 
advantages which we find in ours, is a ſufficient reaſon 
to prefer this to the other; however in this, as in any thing 

B b 2 | elſe, 


187 


that if a 


Fig. 6. 
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Fig. 7. 
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elſe, we ſhall wait the deciſion of the ingenious, and ſhall 
ever eſteem it an honour to abide by their opinion. 


To fortify an oval. 


N oval; properly called an ellipfs, may be made uſe 
of for fortifying of towns and places, whoſe ſituation 
extends more in length than in breadth. 
An oval is made in the following manner. Draw the 
right line A D'to any length; divide it into three equal 
parts A B, BC, CD; making C a center with the diftance 
CD, deſcribe the circle DMEBFN, then lay the 
length of the radius in the | circumference from D to 
M, and from D to N. From B a center, with the diſtance 
B A, deſeribe the circle AL ECF I, and lay alſo in the 
circumference the length of the radius from A to L, and 
from A to I, theſe two ciroles will cut one another in the 
points P, E. Set one foot of the compaſs upon F, the 
other upon M, and draw the arch MGL, which ſhall 
end in L; ſet likewiſe one foot of the compaſs upon the 
point E, the other upon the point I, and draw the arch 
IHN, which ſhall end in N; and this will finiſh the oval 
HNDMGLAI. x 
If you draw a right line through the points E, F, until 


it meet with the circumference of the oval both ways, this 


line will cut the firſt, A D, perpendicularly, and divide it 
into two equal parts in the point O, which is called the 
center of the oval. The line AD is called the great dia- 
meter, and the line G H the little diameter, which is a little 
more than three quarters of the great diameter. 

Now if you divide the circumference of the oval, for in- 
ſtance, into {1x equal parts, and after having drawn right 
lines from the points of diviſion, you fortify theſe lines in- 

wardly 
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wardly as before, you will have an hexagon, which will be Fig. 8. 
almoſt a regular one. 5961 | 
For example. Suppoſe the exterior fide were 180 fa- 
thoms, make this your ſcale, and you'll find that the great 
diameter DC is 410 fathoms; that the part of it, AB, 
which is within the place, and which we ſhall name the 
interior length, is 250 fathoms; that the parts BC, DA, 
which are without, are each of them 80 fathoms, and, 
added together, 160, which we ſhall call the addition of the 
interior length. You'll alſo find, that that part, FE, of the 
lefler diameter, which is contained within the center of the 
demigorges of one baſtion, and the center of the demi- 
gorges of the oppoſite one, is 2 10 fathoms, which we name 
the interior breadth ; that the parts G E, FH, (which may 
not improperly be ſaid to be without, as they ſerve for ca- 
pitals) are jointly 200 fathoms, which we call the addition 
to the interior breadth; and that the leſſer diameter is 310 
fathoms. EE 
Hence it is that we have made a table, by the help of 
which the interior length of a place being given, it will be 
eaſy to find, not only what is to be added to that length, 
to make up the greater diameter on which the oval is to 
be made, but alſo, what ſort of polygon is to be inſcribed 
in the oval, and what length its exterior fide is to be of: 
And this, we take it, will be of great uſe in practice, either 
for new places, whoſe interior lengths are determined, or 
for old ones, that are to be newly fortified, whoſe plans 
ſhew us a fixed length which cannot eafily be diminiſhe 
without diminiſhing the body of the place. 


A table 


I90 


A table, for finding the 
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great diameter of an oval, the 


polygon that may be inſcribed in it, and the length of 


its exterior (ide, the interior length being given. 


Fenn . 
For the Pentagon. | 
— Laaer reater bene Addicion te Leſſer 
length che length ance fide [breadth ſthe breadibſdiameter 
2 1 BAY | 
| 208 | 158 366 190 | 194 | 103 | 277 | 
| 2024] 154 | 356%| 185 | 1694] 100 | 269% 
| 197 1 T60 347 | 180 | 165 | 97, | 262 | 
1914 146 3373] 775 160+] 941 | 255 | 
| 186 | 142 | | 328 | 150 | 1456. 92 | 248 
1803] 1381 | 318 | 165 | 151 92 2404 
175 o 133+ | 308+] 160 | 1465] 86+ | 233 | 
For the Hexagon. 
[ucerior] Addition tofGreater jExteriory Interiory Addition toj Leſſer | 
length | the length [diameter] fide [breadth the breadthjdiameter | 
fathoms| | = af 
264 | 169g | 433, | 190 | 2214 1057 327 
| 257 | 1641 | 4217| 185 216 | 102x 3182 
250 | 160 410 | 180 , 210 | 100 310 
243 | 155+ | 3988] 175 [204 |. 97,307 
236 | 151 387 | 170 298 947 2922 
| 229 | 147 376 | 165 | 1923} 917 | 284 
222 | 142t | 3644] x60 ] 187 | 883 | 275+ 
| For the Heptagon. | 
| TnceriornAddicion calGremer IRecericrs IncorionAddicen tot Lofier 
length 2 length diame fide |breadth, the breadth meter 
Achs, | | | | 
340 | 156. | 496 | 190 | 274 | 103 | 375 
331 | 152 | 483 | 185 | 267 | 98 | 365 
322 | 148 470 | 180 | 260 95 355 
313 | 144 457 | 275 | 253 | 97% | 3457 
304 | 149 4441702454] 90 | 3353 
295 | 136 431 | 165 | 238 88 326 
286 | 132 418 | 160 | 231 85 316 | 


For 
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For the Octogon. 

Tian Addition tol Greater ExteriogſInterio Addition to] Leſſer 
length che length | diamete!, fide | — breadth diameter 
 fathoms 4 * | 1 | 
454 | 1095 | 559 | 190 | 319 | 1037 | 422; 
442 | 103 | 545 | 185 | 310z| 1005 | 411 
430 | 100 530 | 180 | 302 98 400 
418 97 515. | 175 | 293%] 96 3893 
406 84 | 500z| 170 | 285 93 | 3783 
394 | 92 | 486 | 165 | 276 91 | 367 
382 | 89 | 491 | 160 | 268 | 88 356. 


For the Enneagon. 


Interior Addition to 


Interio Addition t Leſſer 


f . 
length | the length — fo readth ſche breadth,diameter 
fathoms| | 1 | * ; 

502%, 126x | 629 | 190 | 380 95s | 4755 
489 | 123+ 612k] 185 | 370 93 463 
476 | 120 596 | 180 | 360 | go | 450 

| 463 | 116 | 579 [175 13590 | 87% | 4375 
4493] 1135 | 563 | 170 | 349 | 85x | 425+ 
436 | 112 [| 547 [165 | 330 | 83x | 4133 

| 423 | 108 531 | 160 | 320 $13 | 401+ 

E n 9 2 

N 

For the Decagon. 
| 
Inceriorſ Addition toſGreater |Exterior|Interior}Addition to} Leſſer 
length | the length diameter fide breadth he breadthjdiameter 
554 | 148 | 702 | 190 [432 | 99 | 531 
539%] 144 | 6833] 185 | 420x| 967 | 517 
525 | 149 | 665 | 180 | 40g 94 503 
5103] 136 | 646%| 175 | 3973] 91x | 489 
496 | 132 628 | 170 | 386 89 475 
481 | 128 609x| 165 | 375 86 | 461 
| 4664 125 | 591%] 160 36321 84 447 
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2 an 

| | 

; 

| 4 
: 


For the Undecagon. 


| Interiorl Addition te Greater Exterior Interior Addition to] Leſſer | 


— — 


length che length diameter ſide breadth the breadth diameter 
| fachom-| 2 TY 
642 | 118 | 760 | 190 484“ + | 575 
625 | 115 |. 740 | 185 | 472 | 87% | 559% 
608 | 112 720 | 180 | 459 85 544 
591 | 109 700 | 175 | 446 | 83 | 529 
574 | 106 680 | 1750 | 4333] 80% | 514 
557 | 103 660 | 165 | 421 78 499 
540 | 100 640 | 160 | 408 | 76 484 
” a 
For the Dodecagon. 

Interio! Addition rofGreater i. Interior Addition te] Leſſer 
length | the length diameter _ fide J>readth]the breadth }liameter 
farbom:| £4 == | on 
744 | 95 | 839 | 190 | 539x 634 
7241] 92% | 817 | 185 | 525 92 | 61755 
705 90 795 | 180 | 511 | go 601 
685%] 871 | 773 | 175 [497 | 87 | 584; 
666 85 751 | 170 4821] 85% | 568 
646 83 729 1654683] 821 | 551 
6263| 80 41 707 | 160.1 454 | 80x 5344 


Note 1. That this table is calculated with a ſuppoſition, 
that che angle of a baſtion is always to be placed on one 
of the extremities of the leſſer diameter, which is eafily 
done, by ſetting the exterior {ide in the circumference of 
the oval, beginning at one of the ſaid extremities. 
| We think this ought always to be the practice to avoid 
having baſtions on the greater diameter, where the angle 
muſt be more acute than any where elſe. 

Of all polygons there will be, according to this me- 
thod, but the octogon and the dodecagon, that can have 
| their 
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their baſtions on this diameter, whoſe interior length in 
this caſe will be, from the center of the demigorges of one 
baſtion to the center of the demigorges of the oppoſite 
one. We might even have done otherwiſe; but we 
thought it beſt to vary as little as may be from the general 
rule; for do what you can in theſe caſes, you muſt al- 
ways have ſome baſtions as acute as thoſe you would 
avoid. 

In all the other polygons, the interior length is con- 
tained between the two oppoſite curtins, to each of which 
it 1s perpendicular in polygons that have an even number 
of baſtions, but oblique in thoſe that have got an odd 
number. The interior breadth in even polygons is con- 
tained between the center of the demigorges of one baſtion, 
and the center of the demigorges of the oppoſite one; but 
in odd polygons, it is between the center of the demi- 
gorges of a baſtion, and the curtin that is oppoſite to that 
baſtion. ; 

Mate 2. That we have ſet down in this table only the in- 
terior lengths that belong to regular exterior ſides, that are 
from 190 to 160 fathoms. But if an interior length were 
required anſwerable to a fide greater or leſs, this is eaſily 
done by the rule of three. Suppoſe, for inſtance, an in- 
terior length were required, anſwering the exterior fide of 
210 fathoms in a decagon; take the exterior ſide 190, 
and its correſponding interior length 5 54, and fay, if 190 
give 554, what will 210 give? and the anſwer will be 
612 for the interior length belonging to the ſide 210. You 
need not even make uſe of this rule, only look into 'the 
table and obſerve by how much the interior lengths of the 
decagon increaſe in proportion as the exterior {des in- 
creaſe by 5; thus having found that in this cafe the aug- 
mentation of the lengths is 14 fathoms and a half, you _ 
+ Co | muſt | | 
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muſt add four times 14 fathoms and a half, that is, 38 
fathoms, to the length 554, becauſe the fide 210 exceeds 
the fide 190 by four times 5, i. e. 20; fo that the ſame 
length, 612, — * be found out this way, becauſe 
554 * 58 = 6x2, Hence tis plain what method is to be 
made uſe of for finding an interior length, proportional to 
an exterior {ide leſs than 160; as alſo for finding the addi- 
tion to that length, the greater diameter, the leſier one, the 
interior breadth, &c. 

Note 3. That the exterior ſides in this table e 
one — * by five fathoms, there can be had in the table 
only ſuch interior lengths as correſpond with them. But 
if you wanted an interior length belonging to an exterior 
fide of an intermediate length, this alſo is found out by 
the rule of three, or elſe in the following manner; as for 
example, ſuppoſe an interior length were required belong- 
ing to an interior fide 188 in an undecagon; this being 
between 190 and 185, take the interior lengths 642 and 
625 correſponding with theſe, two ſides, which lengths ex- 
ceed one another ſo many times 17 as the ſides do one 
another by five, and add to the leſſer three-fiſths of 17, 
i. e. 10 fathoms, and a little more; for 188 exceeds 18 5 
by 3, which is three-fifths of 5 * the interior len þ 
will be found to be 133, hich might alſo be bad 
by the rule of three; and fo of other intermediate 
numbers. 

This table is of the greateſt uſe in practice, and faves 
one the trouble of many calculations which muſt other- 
wile neceſſarily be made in fortifying either new places, 
where the interior length is already determined, or old ones, 
when the length cannot well be altered without leflening 
their areas or interior contents. For inſtance, ſuppoſe the 
interior length of a place to be fortified were 574 . 
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it would immediately appear in the table that this length 


belongs to an undecagon, whoſe exterior fide is 170 fa- 
thoms, that 106 fathoms are to be added to this length to 
make out the greater diameter, which conſequently will 
be 680 fathoms; that the interior breadth is. 433 fathoms 
and a half, which added to 80 fathoms and a half, gives 
the leſſer diameter 514; ſo that taking a line of 680 
parts for the greater diameter, an oval may be made in the 
aboveſaid manner; and laying 170 parts of this line eleven 
times in the circumference, you'll have a polygon within, 
which you may fortify as uſual. | 

1 th 

being an intermediate one, as is 549, for inſtance, which 
is between the lengths 554 and 539 fathoms and a half 


of the decagon, the interior fide belonging to that length, 


the addition and great diameter might be found, either 


by the rule of three, or in the manner before mentioned. 


If the interior length ſhould belong to two polygons, as 
is 436 which belongs to an enneagon, whoſe exterior fide 
is 165 fathoms, and is alſo the intermediate between the 
lengths 430 and 442 of the octogon, whoſe exterior ſides 
are 185 and 180, you ſhould then prefer the polygon that 
would give a fide that comes neareſt to 180 and as the 
octogon has 182 fathoms and a half for the exterior fide 
of the interior length 436, and the enneagon has but 
165, you'll chooſe the octogon, and in order to deſcribe 
it (according to the method above-mentioned) find the great 
diameter, which in the octogon anſwers to the interior 
length 436. 

What we have hitherto ſaid ſuppoſes, that we are never 
ſtraitened for breadth, and that the oval may always be de- 
ſcribed in the manner we have faid; ſo as that the little 
diameter may be to the great one as 31 is to 41, and that 

Ce 2 the 


e given length is not to be met with in the table, 
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and 91 for the breadth, which gives us 545 fathoms for 
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the radius of the circle which paſſes through the extre- 


mity of the great diameter may be to the half of the little 
diameter as 13 two-thirds is to 15 one-half, or (to avoid 
fractions) as 82 is to 93. But were we ſtraitened for 
breadth as well as for length, then either the length and 


| breadth would belong to the ſame fide of a polygon, or the 


length would belong to one ſide and breadth to another of 
the ſame polygon; or laſtly, when one belongs to one fide 
of one polygon, the other would belong to the fide of ano- 
ther. The firſt of theſe caſes tis evident has no difficulty 
in it, let us examine the other two; and for this, the three 
laſt columns of our table will be very uſeful. As for the 
ſecond caſe; ſuppoſe that the interior length be 44 2, which 


belongs to the interior ſide 185 of the octogon, and that 


the interior breadth is 276, which belongs to the outward 
fide 165 of the ſame otogon; we give to both the addi- 
tion our table exhibits, z. e. 103 fathoms for the length, 


the greater diameter, and 367 for the little one. oo 

We draw upon the paper a line A B, which we divide in 
545 parts for the great diameter; in the middle of that 
line we raiſe a perpendicular C D, which is of each fide 183 
fathoms and a half, which makes 367 fathoms for the 
whole little diameter; this done, as we know that in a com- 
mon oval the half of the little diameter is to the radius of 
the circle which paſſes through the extremity of the great 
diameter as 93 is to 82, we make uſe of the rule of three, 
and ſay, 93 is to 82 as 183 fathoms and a half, which is 
the half of our little diameter, is to the number which we 
are to find, and this number will come out 160, which 
we lay on the extremities of our great diameter from A to 
E, and from B to F; or elſe, without uſing the rule of 
three, we take with the compaſſes the half of the little dia- 


meter, 
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meter, and open the ſector, ſo that the two points of the 


compaſſes fall upon the two points 9 of either fide of the 
line of the equal parts; then leaving the ſector opened in 
this manner, we take with the compaſles the diſtance of 82 
to 82 upon the ſame line 6f the equal parts, and lay that 
diſtance on the extremities of the great diameter from A 
to E, and from B to F; after that, from the points E and F, 
taken for the centers, we deſcribe the circles HA G, IBL, 
upon which we lay of either fide the height of the radius 
E A from B to I and from B to L, from A to G and from 
A to H; then from the points G HIL we draw lines, 
which paſſing through the centers E, F will give at the points 
O O of their meeting the centers OO, whence we ſhall 
deſcribe the arches GDI, HCL, which will finiſh our oval 
for us. We ſhall ſhew in the third caſe how we muſt do 
when the circle drawn from the center O does not paſs thro' 
the extremity of the little diameter. 


When the oval is thus drawn, we find in the table that 


the great diameter belongs to the fide 185 of the octogon, 
and that the little one belongs to the fide 165 of the fame 
octogon; wherefore we take a mean between 185 and 165, 
i. e. 175 fathoms, we lay theſe 175 fathoms on the cir- 
cumference of the oval, which they'll divide into eight 
equal parts, and join all the points of diviſion by right 
lines, which will be the exterior ſides of an octogon, 
which we ſhall fortify within according to the uſual 
method. 

If the length or breadth were not to be found in the 
table, then thoſe two lengths, or thoſe two breadths of the 
table muſt be ſought for between which the length or 
breadth given happens to be; and the addition muſt be 
found in order to obtain the great or little diameter, either 
by the rule of three, or in the method that has been ſhewn 


before, 
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before, the which, upon every occaſion, ' muſt be well ob- 
ſerved, and therefore we ſhalt not repeat it. 

As for the third caſe, that is, when the interior lengeh 
belongs to one polygon, the interior breadth belongs to ano- 
Suppoſe that the length be 340, which belongs to the 
— 190 of the — and that the breadth be 
268 which belongs to the exterior ſide 160 of the octo- 
gon; we firſt conſider if the length be not intermediate 
between ſome of the octogon's lengths, that the length and 
breadth may belong to the fame polygon, and as we find 
that it is not, we examine further if the breadth be not in- 

termediate between ſome of the heptagon's breadths, and 
finding that it is between 267 and 274, we look (accord- 
ing to the before-mentioned rules) for the addition, and for 
the exterior fide of the heptagon which belongs to it; this 
done, we give the additions proper for its length and breadth; 
we draw our oval, and finiſn the reſt of it according to che 

oing caſ * 

But if the length and breadth cannot be reduced to the 
ſame polygon, as the length, for inſtance, 454, which be- 
longs to the fide 190 of the octogon, and breadth 198 
which belongs to the exterior fide 170 of the hexagon, we 
then give to the length, the addition 105, as it is marked in 
the * which makes 559 fathoms for the great diame- 
ter; and to the breadth, the addition of 94 fathoms and a 
half, as it is in the table, which makes 292 fathoms and 
a half for the little diameter; then we look for the radius 
AE of the circle that ſhould paſs through the extremity 
of the great diameter, in the ſame — as in the fore- 
going caſe; and having deſcribed the arches LAI, GBH, 
we lay on either fide of them the length of the radius from 
A to 1, from A to L, from B to G, and from B to H; we 
chen draw the lines TE O, GFO, and ſeeing that the 


circle 
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circle we ſhould deſcribe from the point O of their meet- 
ing would indeed paſs through the points I G, but not 
through the extremity-of the little diameter, we look for 
the true. center that paſſes through theſe three points, and 
this I do in the following manner. We draw the ex- 
tremities of the little diameter, right lines to the points 1 G. 
We divide the lines DI, DG, equally in two at the points 
MN, and upon the points MN raiſe two perpendiculars 
within, which we lengthen until they meet; the point of 
their meeting is not marked in the plate, becauſe we had 
not room enough for it. We take this point of meeting 
for our center, and from that center deſcribe the arch IDG, 
which paſſes by the points I G, and at the extremity of 
the little diameter. We do the ſame thing on the other 
ſide to have the arch LC H, and by this means our oval 
is finiſhed. Indeed it might have been deſcribed more geo- 
metrically ; but then the radius AE muſt have been dimi- 
niſhed, which would occaſion the arch AL to be leſs, and 
the baſtions erected upon it too acute. 
The oval being thus made, the ſhorteſt way to find out 
its proper polygon, without. entering into troubleſome and 
elaborate calculations, is to take with the compaſs 180 fa- 
thoms, and to lay them as many times on the oval's cir- 
cumference as they will go; if they go preciſely a cer- 
tain number of times, as ſeven or eight, the polygon will 
be an heptagon, or an octogon; ſhould any thing remain, 
the opening of the compaſs muſt be increaſed or dimi- 
niſhed until it comes exact; but care muſt be taken that 
if in diminiſhing 1 5 fathoms, for inſtance, an octogon was 
found, and increaſing only by 10 an heptagon was found, 
to give the preference to the latter of theſe; partly, be- 
cauſe the ſides of an heptagon having 190 fathoms, would 
be leſs diſtant from 1 80 than thoſe of the octogon, which 


would 
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2 
1 fi mg b. 2751. 
A long fides do not always the line 
of defence be within musket- anding 
ä that might be creded in ir middle, 
* ans be- 
C and 
were — — as in figure 13, d then 
the work was called ſa work, becauſe in fact it is like 
the teeth of a ſaw. D thels Gant. orks were very 
inconvenient, by and withal 


had this diſadvantage a dead 
angle, that is, te bed ould ot m any part 
of the place, ſo that miners might | 

it, as the angle E, fg. 12. — this bod m 
fication is now univerſally rejected, and the following 


the method made uſe of, according ng to he rules which 
FT | 

A long ſide may be ne 5.40, 
or even 250; or from 250 to 300; or laſtly, from 300 as 


far as 400, 500, Ee. 
In the firſt caſe, that is, if the long ſide be from 200 


fathoms to 240 or 250, it muſt be ati ar, eld, 
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if it is upon a river or marſh, where the a hes 
are difficult; but care muſt be taken that the perpendi- 
cular, at the extremity of which the line of defence is 
drawn, is allowed but the eighth part, or even the ninth, 
tenth, &c. of the exterior ſide, that the flanked angles 
may not be too acute. And as then the flancs become 
ſmall, and beſides the line of defence not within musket- 
ſhot, this is ſupplied, frf, by a good battery, which is 
placed in the middle of the curtin ; ſecondly, by the out- 
works, that are greater or leſs, according as the fitua- 
tion 1s. | | 
The plan of Huningen, which we have here given you Fig. 11. 
entire, we think is a complete model in its kind. 4 | 
- Huningen is a fortreſs ſituated upon the Rhine a little 
above Baſil. Its long fide is upon the river. M. de Vau- 
ban who fortified it, has omitted nothing to make it ſe- 
cure againſt the danger of being taken by ftorm or 
ſurprize. $2.2 4 
The firſt thing that is ſeen on the other fide of the 
Rhine is a great horn-work, with a half-moon before the 
curtin, and a counter-guard on the fide of each wing. 
Theſe works have a large foſsè round them of about 20 fa- 
thoms broad, that communicates with the Rhine. Much 
about the middle of the river is another horn-work which 
is larger, and enfilades all the foſsès of the firſt. 
Upon the border of the Rhine, on the fide of the for- 
treſs, is found a fort of covert-way longer than the front 
of the place. There is a baſtion in the middle to defend 
the paſſage of the Rhine. Of all ſides, and at each end, 
there are two ſluices or dams to keep the water in their 
proper foſsès, that they may not be dried up when the. 
river falls. This covert-way is ſeparated from the body | 
of the place by a good foſsè, where there is a double ra- | 
| N D d | velin 1 
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velin. over-againſt the middle of the curtin, and a double 
tenail fon the ſmall arms. The reſt of the place on the 
fide of land is fortified with no leſs care, as the plan ſhews. 
It is to be remarked. how careful the author has been to 
occupy the poſts which might be troubleſome, by horn- 
works, to draw there the water from the Rhine by a canal, 
which in the mean time ſerves as an avant-foſse to he place, 
and at the head of which he has put an out-work or 
honſe- ſhoe to hinder the enemy from attempting to ſtop the 
water by a dam; and laſtly, to put a counter-guard before 
the baſtion where there is no horn- work, that by this means 
the force of every fide may be nearly equal. | 

"Tis aſtoniſhing that M. de Coohborn, who was un- 
queſtionably a very great man, has yet flighted this piece 
of fortifacation, as he has done in his book. This author, 
in the chapter where he treats of the manner of fortifying 
places fituate upon a river, gives us a bad plan, which he 
calls a french one, wherein the long fide is fortified, but 
by two bad redans, which he finds fault with, and with 
reaſon; but adds, that this plan differs but little from 
Huningen's, which he has ſeen, he fays, at a virtuoſo's, ex- 
cepting that this here had a falſe-bray, which we call a 
tenail, and a horn-work. Why could he not fee, that his 
exception did not contain the half of what it ought; and 
that beſides the tenail and horn-work, there was yet a 
baſtion at each extremity of the long fide, a double ra- 
velin or covert-way, with its dykes ; another horn-work in 
the middle of the river, and counter-guards to the wings 
of that which is upon the border of the Rhine? It muſt 
certainly be, either that he has been ſhewn a falſe plan of 
9 s, by one of thoſe bad virtuoſos who collect 
whatever offers itſelf to them, without choice and a proper 


judgment; or that if he has been ſhewn the true plan, 
his 
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his prepoſſeſſion, ever uſual to him againſt every thing 
that came from M. de Vauban, has, if it may be bin thy be- 
| witched his eye-ſight;, and this appears to us to be ſo 
much the more true or certain, as he has himſelf copied 
the work of the dyke, aſſuming to himſelf the honour of 
its invention, without 
Huningen, or his plan, would directly think that he has 
taken it from thence, ſince he has ſeen that fortification. 
Beſides, his long fide, in the manner he fortifies it, is not 
by far ſo ſtrong as that which he has ſo much found * 
with. 

There i is but one detached baſtion upon the middle, be- 
tween the dyke and rampart; and of each fide of this ba- 
ſtion, a demi-baſtion, with orillons fixed to the rampart, 

and whoſe flancs are turned ſome towards the middle of 


perceiving that thoſe who would ſee 
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the long fide, and the others towards the extremities * 


are in a line. 

The place on the land-fide is fortified according t to his 
ſecond method, which has been ſpoken of; we have not here 
inſerted his plan, which is to be ſeen in his book, being un- 
willing, without a neceſſity, to multiply our plates. 
If the long fide be between 240 to 300 fathoms, * 
the ſide AB, you then with the TY take 180 fa- 
thoms, and Woe one of the feet firſt on the extreme 
point A, and then on the other B, you deſcribe two arches 
which cut one another in C, and draw the lines A C, CB, 
which you fortify in the common way ; this is called: for 
tifying by the ſubtenſe. This method alſo may be uſed 
when the long fide having 200, 210 fathorns, &c. has be- 
fore it a plain upon which it may be extended. | 

Laſtly, when the long fide has 300 fathoms and up- 


Fig. 15. 


wards, as has the fide AB; it is Kvided into two equal Fig. 14. 


parts to the point C, and each of theſe parts A C, &, 
D d 2 | 18 
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is fortified after the common way, which gives a flat ba- 
ſtion towards the middle, called a noineauu. This baſtion 
is called a flat one becauſe it is made upon a right line, 
and not upon an angle. If the long fide were fo long 
that it could be divided into three, four parts, each of 
which would have at leaſt 150 fathoms, it might be di- 
vided into thoſe parts which might be fortified, as is juſt 
ſaid, which would give two or three baſtions, in propor- 
tion to the length of the fade. | SHES. 
Sas 


A way how to deſcribe a regular place with a long fide. 


T HERE are many new places built in this manner, as 
is Huningen, Saar-Louis, Ath, &c. You firſt draw 
a circle, in which you inſcribe the polygon that is 
wanted, each ſide to have 180 fathoms, as is the circle 


ABCDEFGH, in which an octogon is inſcribed. You 
take off three ſides of that polygon by a line G D, called 


the ſubtenſe; the fame is to be done in all the other po- 
lygons, whatever number of {des they have, i. e. three 
des muſt always be taken off. The ſubtenſe is divided 
into two equal parts to the point 8, and if you give the 
great fide 200 fathoms, for inſtance you lay half of it, 


1. e. 100 of each fide of the point 8, from'S to M and 


from 8 to N. You raiſe upon the points MN two inde- 
finite perpendiculars MR, NQ; then with the compaſſes 


take 180 fathoms, and ſetting one foot on the extreme 
point D of the ſubtenſe, deſcribe with the other an arch 


which cuts the perpendicular NQ in the point Q, and 


draw a line QD; in the ſame manner you ſet the com- 


paſſes at the other extreme' point G of the ſubtenſe, and with 


the ſame opening of 180 fathoms, deſcribe an arch which 
cuts the perpendicular M R to the point R, and draw the 
line 
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line GR, which will be one fide of the polygon; as alſo 
the line QD; laſtly, you draw the line RQ, which will 
be a long fide of 200 fathoms. * 
The other ſides muſt be fortified according to the uſual 
method; and for the long fide you muſt give the perpen- 
dicular but the eighth, or even the ninth, tenth, &c. at 
the extremity of which the lines of defence muſt paſs. 


circle what polygons we pleaſe, and may give the great 
ſide what length we will, the which may poſſibly happen 
in the building of new places ; but were we to fortify an 
old one, whoſe great interior fide was determined, and 
whoſe interior figure could be but very little altered, as it 
could only be enlarged on all its ſides, it might then be done 


in the following manner. 


EFG HIL M, which we are at liberty to enlarge, but 
without touching the great ſide IH, which is upon the 
border of a river. We firſt take the interior breadth A F 
of that place; we deſcribe a circle upon that breadth taken 
for the diameter; then having divided the diameter into as 
many parts as it has fathoms, we take in the table of exte- 


to the exterior of 180 fathoms, and that may be inſcribed 
in this circle a certain number of times; but if there be 
none, we chooſe one which will require leſs to be added to 
or taken from it, that all may come right. The interior 
polygon thus found, we look for its exterior ſides by the 
means of the ſame table, and deſcribe our exterior poly- 
gon; the exterior polygon. will be found with more eaſe 


the 


This ſuppoſes that we are at liberty to inſcribe in the 


Suppoſe. we had an irregular place to fortify: A BC D 


rior and interior ſides ſome. of the interiors correſponding, 


by the following table, which ſhews which is the exterior 
polygon that belongs to. ſuch an interior diameter, what is 
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cutting its great interior ſide IH equ 
Fig. 17. i 
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the le of its ſides and that of the exterior Giameter, as 
we ſhall ſhew when we come to explain it. 

Having found then, either one way or other, the exte- 
rior polygon, we cut off three of its ſides by a ſubtenſe, 
which we divide equally in two. At the middle of che 
fubtenſe we lay half of the great Hide each way; we raiſe 
two indefinite perpendiculars, and fi our plan as be- 
fore ; obſerving However to give the yreat fide, which is 


here exterior, a len correſponding to che 


great inte- 
rior fide of the place which I am to fortify; the which is 


eaſily done by the help of the table of the exterior and in- 
terior ſides. _ 

— This plan is not that of the lace whith we have to for- 

- bat it ſerves us for a model. „for inſtance, 

thay fig. 16. were the plan or model we had juſt finiſhed. 

At the middle of the curtin of the great fide we draw a 

line VT that paſſes through the center of the circle, and 

cuts the circumference at the oppoſite point T'; this line 

is always perpendicular to the | fp ; when the po- 

lygon is even it cuts the equally in two, 


and when it is uneven it pa bs Biol ah pole of 1 ba- 
ſtion. This being done, we draw upon the paper where 
we intend to Jeforibe our plan, the great fide of the ir- 


regular place, or elſe work upon the _ * of that place, 


equally in two to the 
; at the point P we raiſe an indefinite perpendicu- 
ar PX; we take upon the plan which we uſe as a model, 
the part V'S of the perpendicular contained N the great 
curtin and the ſubtenſe, and lay that our plan 
from P to Q, through which we draw our fobtenks RQT 
parallel to the great fide; we make that ſubtenſe e al to 
chat in the model, and in the ſame model we take the 


part 
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part 8 O of the perpendicular contained within the fub- 
tanſe and center of the circle, and having laid that part 
upon our plan from Q to O, and made the part O X equal 
to the part O T of the model, we deſcribe from the center 
O the great arch of the circle RX T, that terminates of 
either of the ſubtenſe, and in which we inſeribe the 
five exterior ſides that ſhould be contained in them. In or- 
der to have the other three, we make upon our ſubtenſe 
the ſame diviſions. as that of the model has; upon theſe di- 
viſions we raife perpendiculars, and finiſh the reſt as before. 

It may ſometimes happen that the great ſide of the mo- 
del will be too near the place's center, fo as to make us ex- 
tend too far in the ground oppolite to the great fide, and 
at the fame time cut off ſome of the extent of the town 
towards the collateral. ſides that are at the extremities of 
the ſubtenſe; but in this caſe, inſtead of a cirele, an oval 
muſt be made, whoſe great diameter may be parallel to the 
great ſide. 

Suppoſe we had the irregular place ABCDEFGHI _. 
LM to fortify, whoſe fide A B lies on the border of a river, Fig. 20. 
and whoſe ſituation is ſuch, that if we wanted to incloſe 
it in a circle, we muſt advance too far towards the plain 
on one ſide, and on the other cut the incloſure of the 
town towards the points LE; we take the length LE which 
is parallel to. the great fide, and then drawing it upon ano- 
ther paper in order to make our model upon it, we look. Fig. 19. 
into the table laid down. when we ſpoke of the oval for the 
addition we muſt give that length to have the great dia- 
meter. The addition thus made, we deſcribe our oval upon, 
that diameter, as is ſeen in fig. 19. According to the fame 
table we find out the polygon that belongs to it, as alſo 
how large the interior {des are. But as we mult take off 
three of theſe ſides by a ſubtenſe which muſt be —_ 1 
he | | 
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4 the great ſide, which we could not do, if there were the 


Fig. 19. 


Fig. 20. 


point of a baſtion at the extremity of the little diameter where 
we ſhould place the great ſide, we alter the ſituation of 
the ſides into the oval, if the polygon is even, becauſe thoſe 
only have always the point of a baſtion at each extremity 
of the leſſer diameter. Fig. 18. is deſcribed to ſhew how this 
alteration can be made. The line B O repreſents the leſſer 
diameter of an oval; the lines A B, B D, ſhew two exterior 
ſides of an even polygon inſcribed in an oval; and it is ob- 
ſervable, that in cutting the arches A B, B D, in two equal 
parts to the points E C, the line E C would be equal to 
one of the exterior ſides, and ſo all we have to do is to 
lay the exterior {ide upon the circumference from the point 
E or C, to alter the ſituation of our figure, in order that 
the flanked angles may correſpond to the ſame points to 
which the middle of the ſides did before, and that by con- 
ſequence the middle of the ſides would correſpond to the 
ſame points where the flanked angles did. a +7 
When our ſides then are thus placed upon the oval, we 
cut off three of them by a ſubtenſe, which we divide equally 
into two; and having found out by the table of interior and 
exterior ſides the length that muſt be given to an exterior 
fide, when the interior is equal to the great one AB of the 
place which we are to fortify, we lay the half of that length 
from the middle of the ſubtenſe either way ; we raiſe two 


perpendiculars, as in the figure, and taking in our compaſſes 


the length of one of the ſides deſcribed upon the oval, we 
ſet one foot at the extreme points of the ſubtenſe, and with 


the other deſeribe an arch that cuts the perpendicular, and 
finiſh the reſt of it as before. | 


Our model thus finiſhed, we return to that which we 
have to fortify, and divide its great {ide A B into two equal 
parts, then raiſe at the middle of it an indefinite perpen- 


dicular; 


0 * 
* 
. . 
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dicular ; we take in the model the diſtance from the middle 
of the great curtin to the oppoſite extremity of the little 
diameter, and transfer that length upon the perpendicular ; 
we mark the diſtance from the curtin to the great diameter 
and to the ſubtenſe, both which we draw equal to thoſe in 
the model; we likewiſe mark upon the greater and leſſer 
diameter the centers X Y of the leſſer circles; and the cen- 
ter of the greater circle; after this we deſcribe the part 
R:T'S of the oval, in which we inſcribe the ſides that 
ſhould be conmined within it; laſtly, we finiſh the other 
three by following the dimenſions of the model, and fortify 
thoſe fides in the manner aforeſaid, as may be ſeen in 
fg 20. All this might equally have been done, had the 
oval more ng gt and leſs breadth. 

What we have been ſaying, of the circle and the oval, 
will be better underſtood by examples, which we ſhall ſoon 
give, where we ſhall determine the length of the great fide 
and that of the place, which we have not as yet done; 
and, that there may be nothing wanting, ſhall ſhew at the 
ſame time what muſt be done when . great ſide is ſo 
long, as that we muſt neceſſarily put a flat baſtion upon its 
middle. But we muſt firſt give you the table that we 
have promiſed above, the which will make this _"_ 


very eaſy in reference to the circle. 


A table 


* 
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Radius 


Ni 


+ For the Heptagon For the Oftogon | || For the Enneagon 
Y 'rea terior i a 
e eee, .- ae. F., F K 
%%SCCCCCCT0ͥ́ÿẽù 
178 | 52 | 230 200 1j210 | 61, 261 mY 50 | 292. | 200 
1731 504] 224 | 195 fos 499] 2544] 195 42 | 95 | 195 
$1697] 494] 218 190 99 / 484] 243 | 190 ; 48 | 278 | 190 
$1943 43| 213 | 185 1194 474] 2413] 185 | 462] 2701 185 
1160 47 | 207 | 180 8946235180 45 | 263 | 180 
1553] -454| 201 | 195/184 | 444] 2284] 175 44 | 256 | 175 
151 | 443] 1957] 179 78 433] 222 | 170 4234] 2482] 120 
1461] 434] 290 | 265 [1173 | 423] 2153] 365 41 | 241 | 165. 
1142 [42 1 184 l 160 68 | 41 | 209 160 | 40 | 234 | 160 | 
or the Undecagon |f For the Dodecagon 
Leſſer pital Greater | Exterior ¶ Leſſer apital Greater Exterior 2 . capital E reater Exterior 
Radius | Radius | fide ius Radius | fide i Radius] fide | 
274 481 323 | 200 [[3053| 49 | 3543] 200 337 | 49 | 386 | 200 
315 | 195 ||98 | 47:| 3453] 195 11329, | 473] 3763] 195 
307 | 190 [Ego 463| 337 | 290 320 461 367190 
299 | 185 [82] 453| 328 | 185 [21245 | 357 | 185 
291 | 180 [|275 | 44 | 319] 180 3034] 44 | 3474] 180 | 
283 | 175 (67 42/310 | 175 11295 | 43 | 338 | 175 
275 | 170 [|2594] 413] 3ol | 170 f[28643] 414] 328 | 170 
267 | 165 |[252 | 40%] 2923| 65 278 404 3184] 165 
259 | 160 [244 J 39 | 2833] 160 ||270 | 384] 30831 160 


| 


& teble to find ove the Jength and number of exterior ſides, the Jength 
al che greater radius, and the capital, the leſſer radius being given. 


* 
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of the polygons that are proportional to the different 
lengths that their exterior Fades may have; the ſecond 
ſhews the capitals; the third, the great radius; and the 
fourth, the outward ſides: but as theſe ſides are only from 
160 to 200, and exceed one another by 5; if it were re- 
fred to find leſſer diameters, or capitals, or laſtly greater 


meters for ſides greater or leſs than, or intermediate be- 


uſe of for finding them as was ſhewn for the foregoing 
tables in like cafes, which need not be repeated here. 
This table may be of great uſe in practice; for ſuppoſe 
a new place were to be built, whoſe interior diameter may 
be taken at pleaſure; or that an old one was to be made 
regular, without changing its diameter; this diameter muſt 
be divided into two equal parts, and its half being the 
interior radius, we ſhould immediately ſee in the table 
what ſort of polygon would be fitting for the place, what 
would be the length of its diameter, and that of its ſides; 
but it muſt be obſerved, that as the leſſer radius can be- 
long to two different polygons, which often happens, we 
muſt always chooſe that which gives exterior ſides neareſt 


to 180; and if one gives as much under 180 as the other 


gives them above; for inſtance, if one gave ſides of 170, 
and the other 190, we muſt always chooſe the greateſt 
preferably to the leaſt, becauſe beſides the expence tliat is 


ſaved, we ſhall have greater and much larger baſtions a 


however, very few of the ſides muſt be allowed 200, of 
even 195, becauſe in this caſe the line of defence would ex- 


ceed the length of musket-ſhot. All this will — more 
ſhew at the 


evident by the following examples, where we fhäll 

fare time what is to be done when the great fide is ſo long 
chat we are obliged to erect a flat baſtion upon its middle. 
ay; E e 2 | Suppoſe 


The firſt column of this table exhibits the leſſer radius 


tween thoſe in the table; the ſame method muſt be made 
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- Suppoſe then we had the irregular place ABCDEFGHI | 
to fortify, which we may +. bn 5 of all ſides, pro- 
Fig. 22. vided we do not alter the long fide A B, which is upon the 
border of a river; we take the greateſt breadth of the town, 
which is from H to D, and finding that that breadth is, 
for inſtance, 448 fathoms, we take the half, 224, which 
we conſider as an interior radius. We examine in the 
table to what polygon that interior radius belongs; and 
finding that it may be applied to a decagon whoſe exte- 
rior ſide is about 164 fathoms, and to an enneagon whoſe 
exterior ſide is 185, we chooſe the latter, becauſe it 
comes neareſt to 180; wherefore we give to the radius 224, 
the increaſe of 46 fathoms and a half, for the capital, as the 
table exhibits it, and have 270 fathoms and a half for our 
| radius, which we draw upon another paper to make 
Fig. 21. a model. We deſcribe a circle upon that great radius, and 
taking 185 fathoms with the compaſs, we lay it nine times 
on 'the circumference, which gives us an enneagon. 
Me then return to the plan we have to fortify, and find- 
ing that its long fide AB, which we conſider as an inte- 
rior, is about 306 fathoms, we take the half, 153, and 
the foregoing table of interior and exterior ſides ſhews us 
that an interior of 153, applied to an enneagon, has for 
its exterior ſide 185, whence we know that our long ex- 
terior ſide can be divided into two, and each of them will 
Have 180 fathoms. Wherefore returning to our model, we 
cut off by a ſubtenſe AB four of its ſides, becauſe our 
long fide ſhould be equal to two of them, which, joined 
with the two collaterals A F, BH, will give us the four 
which we cut off. We divide that ſubtenſe into two equal 
parts to the point C; we lay on either fide of it from C 
to E, and from C to D, half of our long exterior fide, 
i. e. 185 fathoms. We raiſe the perpendiclars DH, E F, 


and 
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and from the extreme points A, B, of the ſubtenſe, deſcribe 
the arches that cut the perpendiculars with an interval of 
185 fathoms, becauſe the other ſides of the polygon are 
of that length; then we join the points of interſection 
F, H, by a right line FH, which we biſſect, and fortify as 
two ſides. The figure ſhews the reſt. W 


This model being made, we draw its long interior fide Fig. 21. 


PQ, which being equal to that of the place we have to 
fortify, we divide equally into two to the point 8, and upon 
that point S raiſe the perpendicular SR, which paſſing 
through the center, cuts the circumference at the oppoſite 


point R; we then return to the plan of our place, and Fig. 22. 


having biſſected its long interior fide AB at the point M, 
and raiſed the indefinite perpendicular MP, we lay upon that 
perpendicular the diſtances of the center, ſubtenſe, and cir- 
eumference, as they are in the model; then having drawn 
our ſubtenſe T V parallel to the long fide, and equal to 
that of the model, we deſcribe the great arch of the circle 
T PV, in which we inſcribe the five exterior ſides that 
ſhould be included in it. Laſtly, we find the other four 
by marking the diſtances NX, NY, equal to thoſe of the 
model, by raiſing the perpendiculars, &c. If the flanked: 
angles which are at each extremity ſhould be too acute, 
you muſt diminiſh your perpendicular through the extre- 
mity of which the lines of defence do paſs, as we have 
faid elſewhere, and make amends. for the ſmallneſs of the 
flancs with ſome out-works. Tis eaſily ſeen, without any 
particular remark. upon it, that the places which have a 
long fide of this ſort ſhould have eight or fever baſtions. 
at leaſt. 


Now let us ſuppoſe that the place to be fortified is Fig..24 


longer than broad, ſo that it cannot be made regular 
but by an oval, as is the ABCDEFGH, n 
| e 
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Fig. 23. 


Fig. 24. 


Fig. 23. 


with the compaſſes 
on the oval's circutnference. Here care muſt © 


* it belongs to a 


1 
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ſide is about 310 fathoms We take the greateſt length 
Xf that places which: e ben e this 
length being of 525 fathoms, we find in the forementioned 
table of the greater and lefler diameters of the oval, that 
it belongs to a decagon, whoſe exterior fide is 180 fa- 
thoms, and that its great diameter muſt be 665; where- 
fore we add 10 fathoms to the 525, as the table 
ſhews, and lay that line, which will be 665 fathots, 
upon another paper, which is to _ — 
we divide that line into three equal parts; 

our oval as uſual, and inſcribe a deca 
180 fathoms, which 


that there be always a flanked angle at the extremity of 
the leſſer radius, that the ſubtenſe which cuts the four 
fides may be parallel to the great ſide the plan is to have; 
bib 2 cad) alin 41Ry00 Ty begin to inſcribe the 
polygon at the extremity of the leſſer radius, as we have 
ſaid when we explained the table of the ovals. 

The polygon thus inſcribed, we return to the plan we 
have to fortify ; and as its long ſide AB, which we con- 
—_— 10 fathoms, we take the half, 
"eg EX bn the bat ates and exterior fides, 
,. whoſe exterior fade is 182 
fathoms, whence we know that our whole exterior fide 
will be twice as much; and that we muft therefore make 
a flat baſtion in the middle of it; wherefore returning to 
our model, we cut off four fades by a ſubtenſe parallel to 
the great diameter. We divide it equally into two to the 
point C; we lay of either fide of it, from C to D, and 
hom C 10 E,. 182 fathoms, which is half of my long ex- 
terior fide; we raiſe perpendiculars, and faniſh the reft of 
« a the figure expreſſes it; remeinbering oaly to draw the 

long 
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long interior fide H I, which will be found equal to that 
of the place which we are to fortify. 

Having thus made our model, we divide the long ide 
41 equal 

we raiſe an indefinite 


perpend ond 


upon which, when 


we have laid the diſtances of the oppoſite extremity of the 
lefler diameter, of the ſubtenſe, and diameter, we 
draw the greater diameter and ſubtenſe equal to thoſe in 


8 We mark alſo upon the — and leſſer 
diameter the centers P, Q, ſome little circles, and the cen- 
ter M of the great arch; aſterwards we deſcribe the 
portion of = oval XVY, and finiſh the reſt as before. 
What has been ſaid may be eaſily practiſed upon ovals 
that are prolonged, eli wks — ken of, 
without being obliged to give any examples of it. But as 
it is poſſible that a place which has a long interior ſide cor- 
reſponding to an exterior of 200 or 240 fathoms may ex- 
tend itſelf towards the oppoſite ſide, fo as that it ſhould 
be included within an oval, whoſe long diameter would 
be perpendicular to the long fide, the following example 
ſhews how we muſt act in that caſe. 
We muſt take the greateſt breadth of the 


place, paral- 


parts at the point R; upon that point Fig. 24. 


lel to the long ſide; and, in the table of ovals, find out to Fig. 25. 


what polygon that interior breadth belongs, and what ought 
to be the — of the exterior ſides, that of the leſſer 
and greater diameter; wherefore having given to the breadth 
the addition that the ſame table 2 divide it equally 
into two, and through the middle of it draw a perpendi- 

cular equal to the greater diameter, that it may be divided 
equally into two by the leſſer diameter. This done, di- 


vide the greater diameter into three, and deſcribe the oval 
in the alu! method. 


Then, 


2T6 
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Then, if the polygon belonging to it were uneven, be- 
gin to lay the ſides on the circumference, at the extremity | 


of the greater diameter, oppoſite to the great fide ; if it 


were an hexagon or decagon, begin at the extremity of 
the leſſer diameter; but if it were an pogo or a dode- 
cagon, do as was directed in . 18. fo that the greater dia- 
meter may always fall on the middle of the curtin towards 
the great ſide, that the ſubtenſe, which in this caſe is to 
cut off but three ſides, may be Parallel to the long ſide 
of the place. Having thus inſcribed its polygon, as the 
octogon of fg. 25, whoſe ſides we fappoſe to be 180 fa- 
thoms, three ſides muſt be cut off by a ſubtenſe C D pa- 
rallel to the leſſer diameter; ; that ſubtenſe muſt be divided 
equally into two at the point G; lay on either fide half 
of the exterior fide correſponding to the interior one 
given, raiſe the two perpendiculars HE, L F, and the mo- 
del to be made uſe of will be finiſhed as uſual, as we have 
faid before. 

We have enlarged upon this and the preceding attacks; 
the rather becauſe, we think, that there is ſcarce any irre- 
gular place but what may be reduced to ſome' one of the 
above-mentioned figures with very little coft, inſtead of 
adhering too ſcrupulouſly, as is ſometimes the caſe, to old 
circumferences, whoſe angles being either acute, or re- 
entering, ' or whoſe ſides being either too great or too little, 
cauſe a much greater expence than that, one endeavours to 
avoid, and prevent their being ſo well fortified as they 
would be according to ſome one of the preceding directions; 
nevertheleſs, as there may be caſes where we muſt ſubmit 
to the great irregularity of ſome places, we ſhall ſee in 
what follows how thoſe places may be put into a fate of 
good defence. 


DT 
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HOSE who fortify outwards, diminiſh the demi- 
rges of the ſides that are too ſhort, ſo that the 
curtin may be 60 fathoms at leaſt, and even wholly cut 
them off if it be neceſſary, as when the little fide has but 
60 fathoms; then they- raiſe their flancs at the extremity 
of the curtin, and draw the lines of defence razant, as was 
ſaid in explaining fig. 5; then they take the gorges from 
the collateral fides, upon which they likewiſe raiſe their 
flancs, and determine the faces of either fide by the lines 
of defence which cut the former at their flanked angles. 
This ſuppoſes that the collateral fides are long enough to 
receive the whole gorge; but if they were not, or hou Id 
the little fide be leſs than 60 fathoms, they then cut the 
little one off, either by lengthening the collateral fades until 
they meet, provided they do not form an angle too acute; 
or, if they cannot do otherwiſe, by diminiſhing ſomewhat 
of the extent of the place. 

This manner of fortifying is ſubject to very great incon- 
veniencies, as we have elſewhere ſhewn; we will therefore 
endeavour to fortify inwards in all caſes, which we ſhall 
here explain in two examples; the firſt of which may be 
uſed for ſhort fades and re- entering angles, and the ſecond 
for acute angles. | : 

Suppoſe then we had an irregular place to fortify ABC 
 DEFGHILM, Sc. whoſe ſides AB, TS, GH, are too 
ſhort, and the angles P, M, I, D, are re- entering; we muſt 
neceſſarily correct the ſides that are too ſhort, for other- 
wiſe the curtins not being long enough, the cannon and 
musketeers of each flanc would not be able to diſcover 
half of it, by reaſon of the height of the rampart and 

(>> F f thickneſs 
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thickneſs of the parapet, unleſs. too great a ſlope were 
given to the embraſures and to the top of the parapet, 
which would weaken it very much; beſides that the can- 
non could be plunged but with very great difhculty at 
ſo ſmall a diſtance. We muſt alſo find ſome remedy for 
the Te-entering angles, which, as they cannot defend them- 
ſelves (and therefore are called dead angles) would give the 
miner an opportunity of approaching them without being 
diſcovered. Wherefore we firſt look for the exterior ſides 
of all the fides that are between two projecting or ſaillant 
angles, which are found by the help of the table of interior 
and exterior fides which we have already given; or elſe, 
without giving ourſelves the trouble to know the value 
of our angles, we draw our exterior. ſides without, more 
or leſs diſtant, as the interior fades are greater or leſs; thus, 
as the table ſhews us that for an interior fide of 160 fa- 
thoms and upwards,” we can put the diſtance of 49, 50, 
or 5x fathoms for the exterior, we leſſen the diſtance pro- 
portionably as the interior ſides diminiſh; a few fathoms, 
more or leſs, ſignify but little, and we may add to or di- 


miniſh their number, if by that we find that our fortifica- 


tion can be made better than it is. Our exterior ſides 
thus found, it happens, either that thoſe of the little ſides 
having gained upon the others are increaſed, without preju- 
dice to thoſe that are next to them, or that by their increaſe 
they have ſhortened them too much. | 

If one exterior {ide be increaſed, without making the 
other two irregular, we then fortify theſe three ſides after 
the common way, giving the perpendicular through which 
the lines of defence paſs, the ſixth, ſeventh, or eighth 
part of the exterior ſide, according as the angle is more or 
leſs open. It is in this manner we fortify the three ſides 
VA, AB, BC. The middle one, A B, is become regular, 


though 
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though before it was too ſhort. If the exterior fide cannot 
be enlarged without hurting its two collaterals, then it 
muſt be intirely taken off, and theſe muſt be lengthened 
until they meet, fo that inſtead of three ſides there will be 
but two; and it is thus we have fortified the three ſides 
VT, TS, SR, which we have reduced to the two 45, bc. 
We have done the ſame with the little fide G H; but if 
the two collateral fides cannot be lengthened without be- 
coming too long, in this caſe the place muſt be extended 
outwardly, until three ſides be had that are at leaft 
160 fathoms each, or reduced inwardly, till the two great 
ſides contain each of them 190 fathoms at moſt. 

As for the re-entering angles, as the angle P, we do not 
look for the exterior fide; but we take with the compaſſes 


120 or 125 fathoms, which is the common diſtance of 


musket-ſhot, and fixing one foot at the extreme point X of 


the near exterior ſide, deſcribe with the other an arch that 


cuts the fide QP, at the point P, and we draw the line X P, 
upon which we take 50 or 52 fathoms for the face X; 


we then draw the flanc r upon the {ide QP, and make 


it incline more or leſs as may be required; and as the line 
XP ends at the top of the re-entering angle, all on that 
fide will be in good defence. We ſhould have done ſo 
on the other fide P O, if it had been of the ſame length; 


but as it happens to be twice as long, we have made a flat 


baſtion in the middle of it by the means of the exterior 


fide 5, which we have drawn from the extremity of the 
next exterior ſide. So then all the parts are within musket- 
ſhot, and the re- entering angle is well fortified, 
If the fide PO, which is too long to be within musket- 
ſhot, be not long enough to receive a baſtion, we ſhould 
deſcribe from the extremity » an arch at the opening of 
120 or 125 fathoms; and if it cuts the fide PO at the 
| F f 2 | point 
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point i, we ſhould raiſe thereon a flanc / þ at diſcretion, 
then draw the line 5 P, as is ſeen in the figure. 

If both ſides of the re-entering angle were too long to 
be within musket-ſhot, at the top of the angle we ſhould 


make a flat baſtion as in M, or elſe a platform as in D, 
if the flat baſtion ſhould take up too much of the length. 


Laſtly, ſhould the re- entering angle happen to be be- 
tween ſaillant angles that are too acute, as is the angle I, 
we ſhould ſhut it up in the place by drawing the interior 
fide HL, which we ſhould fortify as we have done the 

As for acute angles, 7. e. thoſe that are under go de- 
grees, we ſhould fortify them in the following manner. 


.. Suppoſe we had the irregular place AB CDE F to for- 


tify, whoſe angle A is under go degrees, we ſhould firſt 


Fig. 27. 


look for the exteriors of all. the ſides belonging to the 
place, except of thoſe which form an acute angle; we 
ſhould then increaſe the angle A at leaſt to go d 


egrees, 
which ſhould be done by adding on each ſide half of the 
degrees the angle wants; thus ſuppoſe the angle be 60 de- 


grees, as it is here, we ſhould make the angle BAH of one 
ſide, and FAL, each of them 15 degrees, which would 
make 30 for the two, which added to 60, makes go. We 
ſhould then give the lines AH, AL, a reaſonable length 
for an exterior ſide, i. e. 170 or 180 fathoms; and then, 
either theſe lines would end at the extremities of the other 
exterior ſides, or would go beyond them; if they ſhould 
end there, as the line A H does, we ſhould fortify them 
by allowing the perpendicular but an eighth part, becauſe 
the angle is but go degrees; and if thoſe lines paſs be- 
yond the other exterior ſides, as the line A L does, which 
paſſes beyond the exterior fide O P, we ſhould then put 
this exterior {ide from O to L, without troubling pou wa 

£ whether 
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whether it be parallel to the inward. one, or not, and af- 
terwards fortify the ſides OL, L A, as uſual, giving the 


perpendicular of the fide AL but an eighth part, that the 


flanked angle may be at leaſt go degrees; | 
Should the collateral fides, by this means, become 
too ſhort, we muſt increaſe the angle, and inſtead of 


making it go degrees, make it 100, or 110, Sc. which 


would make the flanked angle much better. 


To fortify places fituated upon a river, on the ſea, upon an 
eminence, &c. and thoſe whoſe ancient boundaries are to be 


preſerved. 

W HAT we have hitherto ſaid in relation to long ſides, 
has nothing to do but with places where rivers paſs 
under the walls without going in. We are now to { 
thoſe that have rivers running through them, jg. 26. 

And firſt, it is to be obſerved, - that the paſſage for the 
entrance and going out of a river muſt always be made in 
the middle of a curtin, that it may have the defence of 
two flancs. 

If the river be narrow, an arch muſt be made in the 
curtin, that is ſhut by a double grate. | 

If it be as broad as the curtin is long, you- muſt drive 
piles from one {ide to the other, leaving only a paſſage 
in the middle for boats, barges, or ſhips, which muſt be 
ſhut at night by a chain; and beſides, outworks may be 
made on each to {weep the river with ſhot croſs-ways, 
and hinder the enemy from approaching. 

Indeed a whole curtin might be built upon a bridge, 
whoſe leſſer arches (which might ſerve for the paſſage of 
boats) ſhould in time of war be ſhut up by double iron 
grates, and the great one (which is 225 W — 
arre 


of 
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barted by booms or chains; and if the river were naviga- 
ble for ſhipping, it would be ſufficient to build the leſſer 
arches, wah the curtin over them, and not the great one, 
that ſhips might come in with their maſts up. If the river 
is broader than the curtin ſhould be, ſo that the two baſtions 
that are on either fide cannot, with musket-ſhot, mutual! 
defend each other, a fort is to be built in the middle, and 
the curtins might be joined in the manner we juſt now men- 
tioned, which would make on the river a long {ide of three 


baſtions. It would be proper at the ſame time to fortify 


the ſides of the town that are upon the river, ſo that the 
two parts might be like two different towns, that in caſe 
the enemy ſhould get through the defences, that are either 
at the coming-in or at the going-out of the river, he 
might not be able to advance without finding himſelf be- 
tween two fires. 8 | 

Maritime places are fortified on the land- ſide as others 
are; and on the ſea- ſide ramparts are made, on which ca- 
valiers are raiſed at proper diſtances from each other, in or- 
der to keep the enemy as far off as poſſible ; and little forts 
muſt be built on every place of the coaſt, from whence a 
firing towards the ſea will be of any ſervice. 

The entrance into harbours is fortified juſt as that into 
rivers is; but it is better to flank it with a good citadel on 


either fide, becauſe the enemy can appear at ſea with a 


larger number of ſhips, and in a larger front than upon a 
river, 

As for places that are upon high and ſteep rocks, in order 
to fortify them, we muſt conſider how their figure is ſituated. 
without minding whether the ſides be too long or too ſhort, 
or the angles acute or re-entering; becauſe in this caſe the 
miner cannot work againſt you. The rampart is cut out 
in a rock, at the top of which a parapet of earth is raiſed, 

taking 
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taking care withal to leave nothing in the way to obſtruct 
our view on all ſides. The foſsè is not very deep, by reaſon 
of the great expence of digging it; but it is made very 
broad, that there may be room for good defences, and all 
neceflary out-works are added to ſcour the foot of the rock. 
But here care muſt be taken to have the communications, 
under covert, to retreat by in caſe you are obliged to quit 
them; becauſe it would be impoſlible for thoſe that would 
go up to the place to eſcape the enemy's ſhot, who could 
otherwiſe diſcover them from head to foot. 

When a place is upon the fide of a hill, you muſt of 
neceſſity occupy all that is above it, either by incloſing it 
within the walls, or by out-works ; or laſtly, by building 
a good citadel to avoid being commanded; and as the 
enemy may make himſelf maſter of theſe poſts, you muſt 
provide againſt this in time by raiſing parapets and tra- 
verſes in all the parts that may be annoyed, as we have di- 
rected elſewhere. The reſt is fortified as uſual, by making 
out-works, as we have juſt now ſaid, to ſcour the foot of 
the hill. 

Places every way ſurrounded with marſhes have much 
the ſame advantages as thoſe have that are ſituated upon 
ſteep rocks; that is to ſay, that in this caſe ſides either 
too long or too ſhort, and angles either acute or re-entering, 
are here no great defects, becauſe it is not poſſible to ap- 

roach them; but were it poſſible to drain the marſhes, we 
muſt then take care of them, and build new forts in thoſe 
places where the enemy. might attempt to make a drain. 

As for places whoſe ancient boundaries are to be pre- 
ſerved, you muſt terraſs their walls, if they are ſtrong 
enough to bear a rampart ; correct the places that are de- 
fective; add good baſtions to them; and, ſhould the cur- 
tins happen to have round or ſquare towers, fill them full 
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of earth, to make uſe of them as cavaliers. You muſt then 
make the foſsè ſtill deeper, which commonly is too wall 
in thoſe ſort of places, adding whatever out-works are ne- 
ceſſary. But if the walls are not ſtrong enough to bear a 
rampart, you muſt make ſome new fortifications, within 
which thoſe walls may be incloſed, that in time of need they 
may ſerve for intrenchments, and ſhould there not be time 
ſu theient to make a new circuit of fortifications, you muſt 
be content to enlarge the foſses of the old one, and — 
it with ſome good out- Works. 
Thus we have examined all the different caſes of irre- 
gular fortification, and would recommend to our readers to 
endeavour to get in their poſſeſſion an exact plan of the 
town of Luxemburgh; in fortifying of which, the parts 
that flank, and thoſe that are flanked, are ſo artfully diſ- 
poſed, that the irregularity of the works does by no means 
diminiſh the ſtrength of the place, which may ſerve as a 
complete model of its kind, fince it a that the whole 
is fortified according to the beſt maxims of the art. 
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